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BcTyn 
^aHHM npoeKTOM nepegGaneHufi aHajii3 POKHMIB PO6OTH ejieKTpuHHoi 
MepeKci, aKa Ge3nocepegHbo 3aGe3nenye ejieKTpoeHeprieio cnoKHBaniB 
po3TamoBaHHx no BignoBigHuM KoopguHaTaM, po3paxyHoK eneKTpnnHHx nacTHHH 
nigcTaHniii Ta po3paxyHoK pejiefiroro 3axucTy gjia nigcTaHniii. 
,H,jia aHani3y ejieKTpHHHoi MepeKci Heo6xigHo BuKoHara HacTynHi 3aBgaHHa: 
• noTpi6Ho po3paxyBaTH goBKHHH jinriii ejieKTponepegan; 
• O6HHCHHTH cTpyMH Ta Hanpyru Ha gijiaHKax 6e3 ypaxyBaHHa BTpaT Ta 
3po6uTH BuGip npoBogiB gjia jiiHiii aKi 3'egHyK>Tb TpaHccJDopMaropHi nigcTaHnii; 
• 3po6uTH BuGip CHJIOBHX TpaHc opMaTopiB; 
• O6HHCHHTH nepeToKH noTyKcrocTeii, BTpaTH noTyKHocTi, BTpaTH 
Hanpyru Ta ejieKTpoeHeprii; 
• 3po6uTH nepeBipKy HagiftrocTi MepeKci, y BunagKy aBapifiHoi cHTyanii, 
MepeKa noBHHHa 3aGe3nenyBara nocriiiHe nocTanaHHa ejieKTpoeHeprieio cnoKHBaniB 
BignoBigHux KaTeropifi, mo nigTBepgKcyeTbca po3paxyHKaMH. 
,H,jia eneKTpuHHux nigcTaHniii Heo6xigHo: 
• po3paxyBaTH ix ejieKTpHHHy nacTHHy Ta BuGpara cujioBi 
TpaHc opMaTopH; 
• po3paxyBaTH cTpyMH KOPOTKHX 3aMHKaHb Ta Ha ocHoBi HHX BuGpara 
BucoKoBonbTHi anapaTH po3nogijibHoro npucTpoio, cTpyMoBegyni nacTHHu; 
• BuGpaTH muHH po3nogijibHoro npucTpoio, ejieKTpoBuMipiOBajibHi 
TpaHc opMaTopH cTpyMy i Hanpyru, TpaHc opMaTopH BjiacHux noTpeG. 
,H,jia nigcTaHniii po3paxyBara pejiefiHuii 3axucT. Po3paxyBara HoMiHajibHi 
cTpyMu TpaHc opMaTopa. OG^C-UUTU KijibKicTb BUTMB OGMOTOK pejie. 
,H,jia 3aGe3neneHHa Ge3nenHoi poGora nepcoHany Ha eneKTpuHHifi nigcTaHnii 
HeoGxigHo po3rjaHyTu HopMu ejieKTpuHHoro nojia npu poGoTi nig Hanpyroio. 
ApK 
7 
3M. APK Ne BoKVMeHmv nidnuc Mama 
1. P 0 3 P A X y H 0 K EJIEKTPHHHHX MEPE)K 
1.1. Po3po6ica KOH i^ypa^iH ejieKTpHHHHx MepeiKi 
ITpu no6ygoBi KoH(irypaii i i i CxeMH noTpi6Ho BpaxyBaTH: 
- goiUJibHo BHginHTH nigCTaHiiii, CnoKKHBani aKHx BHMaraiOTb 100 % 
pe3epBy 3 noTyKKHoCTi i po3rnaHyTH mnaxn BHKoHaHHa u,iei BHMoru; 
- 3aMKHyToio MepeKceio goiiinbHo 3B'a3yBaTH CnoKKHBaniB npuGnroHo 
ogHacoBoi noTyKKHoCTi; 
- no MoKHHBoCTi Heo6x ig ro BHKHK>HHTH noToKH noTyKKHoCTi g o gKcepena 
KHBneHHa; 
- He d i g gonyCKara Mano 3aBaHTaKKeHux B 3aMKHyrax MepeKKax; 
- Heo6xigHo nparHyTH g o nepegani eneKTpoeHeprii CnoKKHBanaM 
HafiKopoTmHM imiaxoM. 
B u x i g H gaHi, mo xapaKTeproyiOTb CnoKKHBaniB npHBegeHi B TaGnHiii 1.1. 
TaGnHua 1.1. - ITapaMeTpu CnoKKHBaniB. 
napaMeTp 1-H CnoKK. 2-H CnoKK. 3-H CnoKK. 4-H CnoKK. 5-H CnoKK. 6-H CnoKK. 
X , MM 35 18 28 -13 20 -11 
Y , MM 45 16 31 4 2 16 19 
P m a x , M B T * 44 60 48 72 0,736 0,623 
cos f 0,9 0,78 0,88 0,9 0,92 0,9 
TH6,rogHH 5490 5220 4870 5720 4 2 3 0 4290 
KaTeropia II II II I I I 
^ogaTKoBa nonancoBa iH(opMaiiia npo CnoKKHBaniB Ta ix po3Mim,eHHa 
TaGnHua 1.2. - XapaKTepuCTHKa CnoKKHBaniB. 
XapaKTepnCTHKa CnoKKHBaniB 
MaCmTa6 gna CnoKKHBaniB 1-4, KM/MM 1 
MaCmTa6 gna CnoKKHBaniB 5 i 6 no BigHomeHHio g o TOHKH 
npHB'a3KH, KM/MM 0,1 
CnoKKHBan, g o a c o r o npHB'a3aHi CnoKKHBan 5 i 6 3 
^aCTKa BCix HaBaHTaKeHb B HoMiHanbHoMy peKKHMi Pmin no 
BigHomeHHio g o MaKCHMaubHoro P m a x 
0,52 
ApK 
8 
3M. APK Ne BoKVMeHmv nidnuc Mama 
3 a 3aBgaHHaM gunjioMHoi poGora Gygyio 2 cxeMu eneKTpuHHoi MepeKci: 
o - cnoKareaH I KaTeropii 
• - cnoKuBan II KaTeropii 
A- cnoKcuBaH III KaTeropii 
PucyHoK 1. CxeMa A 
PucyHoK 2. CxeMa B 
3M. APK NN BoKVMeHmv nidnuc Mama 
ApK 
Po3paxoByeMO noBHy noTymricTb cnomiBaniB 3a (J)opMyjiOK>: 
S = P + jPtg (arccos f) 
Po3mn(pyBaHHa po3paxyHKoBoi' (opMynn: 
S=44+j44tg(arccos 0,9) = 44+21,3Ij(MBA) 
MaeMo HacTynHi xapaKTepncTHKH cno^HBaniB Ta6ji. 1.3. 
Ta6jiHna 1.3. - Po3paxoBaHi napaMeTpn cnomiBaniB. 
napaMeTp 1-H cno>K. 
2-H 
cno>K. 
3-H cno>K. 
4-H 
cno>K. 
5-H cno>K. 6-H cno>K. 
X , MM 35 18 28 -13 20 -11 
Y , MM 4 5 16 31 4 2 16 19 
S , M B T 4 4 + 2 1 , 3 1 j 6 0 + 4 8 , 1 j 4 8 + 2 5 , 9 1 j 72+34 ,9 j 0 ,73+0 ,311 j 0 ,623+0 ,302 j 
cos f 0,9 0,78 0,88 0,9 0,92 0,9 
TM, 
rogHH 
5490 
5220 4870 5720 4 2 3 0 4290 
KaTeropia II II II II I II 
1.2. Po3paxyHOK ejieKTpHHHOi MepeKi cxeMH A 
Po3paxoByeMo AOB^HHH jiiHiii BpaxoByKHH Koe(inieHT nepepaxyHKy goB>KHH 
gijiaHoK MepeKi 3a (opMyj ioK: 
ge : l - goB>KHHa giuaHKH MepeKi BHMipam Ha njiaHi, KM; 
kL — Koe(inieHT 36ijibineHHa goB>KHHH MepeKi no BigroiiieHHK 3 noBiTpaHoK 
npaMoK, kL « 1,25. [ 1 , CT. 9] 
,H,jia gBoKiibHoi jiiHiii BpaxoByeTbca Koe(inieHT k y e n . 
ApK 
1 0 
3M. APK Ne BoKVMeHmv nidnuc Mama 
knen « 1 ,45 , gna B J J 110 KB Ha gBoKinbHux 3ani3oGeToHHux onopax [1]. 
^BoKiubHi m m i MeHm HagifiHi, ToMy Kpame npoeKTyBara ogHoKonoBoi mmi . 
^OBKCUHU niHifi i3 ypaxyBaHHaM npoBucaHHa npoBogiB noKa3aHi y TaGn. 1.4. 
TaGjnina 1.4 - ^ificHi goBKoiHu niHifi. 
JJnria 
^oBKOlHa, 
KM 
K x ^ i n i e H T 
npoBucaHHa 
1 A - 2 24,1 1,25 
2 2-3 18,1 1,25 
3 3-1 15,7 1,25 
4 1-4 48,1 1,25 
5 4 - A 43 ,9 1,25 
6 3-5 25,6 1,25 
7 3-6 21 ,9 1,25 
8 5-6 9,49 1,25 
Po3paxoByeMo cTpyMu Ta Hanpyru, gna aKux HeoGxigHo BroHanuTu opieHToBHi 
noToKu noTyKHocTi. ,H,.j[a cxeMu, 3oGpaKeHoi Ha pucyHKy 1, 3 ypaxyBaHHaM yMoBHux 
no3HaneHb po3paxyHoK noTyKHocTefi Bu3HanaeMo 3a TaroiMu opMyuaMH: 
^ n a MepeKi BUCOKOI Hanpyru 
ApK 
1 1 
3M. APK NN MoKVMeHmv nidnuc Mama 
g e S3, S2, S4 - BignoBigHi noTyKKHoCTi CnoKKHBaniB, M B A ; 
Lt, L2, L3, L4, L 5 - BignoBigHi m m i , a c i 3'egHyiOTb CnoKKHBaniB S3, S2, S 4 , KM. 
^ n a MepeKi HH3bKoi Hanpyru 
HKIIIO MepeKa HH3bKoi Hanpyru 3aMKHyTa 
g e S 5 , S 6 - BignoBigHi noTyKKHoCTi CnoKKHBaniB, M B A ; 
L6, L7, L8 - BignoBigHi niHii, a c i 3'egHyiOTb CnoKKHBaniB S 5 , S 6 , KM. 
B u x o g a n u i3 goBKKHH i noTyKKHOCTefi a c a fige no HHX BromnaeMO 
Hanpyry no eMnipuHHin (opMyni Ijjj[apioHOBa[2]: 
TaKOKK BH3HanaeMO CTpyM B niHiax 3a (opMynoio: 
3rigHO MeTogy eKOHOMinroi ryCTHHH CTpyMy, eKOHOMWHuii nepepi3 
po3paxoByeMO 3a (opMynoio: 
ge : IM — CTpyM B niHii B peKKHMi MaKCHManbHHx HaBaHTaKceHb, mo BignoBigae 
HopManbHOMy peKHMy po6oTH MepeKKi; 
je - eKOHOMinHa ryCTHHa CTpyMy 
ApK 
1 2 
3M. APK NN BoKVMeHmv nidnuc Mama 
TaGjnina.1.6. - ^ a c poGoTu. 
n p o B o g u THG, rog/piK 
1 0 0 0 — 3 0 0 0 3 0 0 1 — 5 0 0 0 > 5000 
AjnoMiHieBi Hei3ojboBaHi npoBogu 1,3 1,1 1,0 
Pe3y.j[bTara po3paxyHKy 3BegeHi g o TaGjnini 1.7. 
TaG-uuna 1.7. - Pe3yubTaTH po3paxyHKy nyHKTy 1.2. 
HKa 
S, 
M B A 
U , 
K B 
U H , 
K B 
I, 
A 
F e , 
A/MM 
MapKa 
npoBogy 
^onycTuMufi 
CTpyM 
npoBogy, A 
A - 2 134+82,8 j 168,393 220 413 ,369 375 ,79 A C -
400 /51 
825 
2-3 74+34 ,7 j 133,665 220 214 ,444 194,949 A C -
240 /32 
605 
3-1 28 ,7+12 ,7 j 94 ,147 220 82,273 74 ,794 A C -
240 /32 
605 
1-4 19 ,4+13,2 j 85 ,279 220 61 ,437 55 ,852 A C -
240 /32 
605 
4 - A 124+131 j 165,601 220 270 ,872 246 ,247 A C -
300 /39 
710 
3-5 0 ,642+0 ,288 
j 
15,713 10 36 ,921 33 ,565 A C - 5 0 / 8 2 1 0 
3-6 0 ,847+0 ,391 
j 
17,865 10 48 ,973 44 ,521 A C - 5 0 / 8 2 1 0 
5-6 0 ,224+0 ,089 
j 
9,294 10 12,665 11,514 A C -
35/6 ,2 
175 
BromnuMO noTyKHicTb KOKHoro i3 TpaHc opMaTopiB. n p u ^bOMy Ha 
ogHOTpaHc opMaTopHifi nigcTaHnii noTyKHicTb TpaHc opMaTopa S T noBuHHa GyTu 
He MeHme noTyKHocTi cnoKuBaniB S M , mo nocTanaeTbca Big Hboro S T > S M . A 
Koe inieHT HaBaHTaKeHHa TpaHc opMaTopa noBuHeH GyTu nopagKy 0,9 ( k 3 = S M / S H T ) . 
noTyKHicTb TpaHc opMaTopiB Ha gBOXTpaHc opMaTopHifi nigcTaHnii noBuHHa 
3 a G e 3 n e w r a HaBaHTaKeHHa cnoKuBaniB y BunagKy aBapii ogHoro 3 HUX. ToMy 
noTyKHicTb KOKHoro TpaHc opMaTopa BuGupaeTbca 3 oGuiKOM fioro 
3M. APK NN MoKVMeHmv nidnuc Mama 
ApK 
nepeBaHTaacyBajiBHoi 3gaTHocT 3a yMoBoK S T > S M /1,4. y pe3yjiBTaTi ^ ^ ^ 
3aBaHTa>KeHHa TpaHc oMaTopiB y HopMaiBHoMy peacHMi cTaHoBHTB 0,65 - 0,75 
( k 3 = S M / 2 S H T ) . ,H,jia cnoKHBaniB I Ta II KaTeropii HeoGxigHo BcTaHoBHTH no 2 
TpaHc opMaTopH Ha nigcTaHniK. 
Pe3yjiBTaTH Bn6opy TpaHc opMaTopiB 3arocHMo g o Ta6ji. 1.8. 
Ta6jiHna 1.8. - Pe3yjiBTaTH Bn6opy TpaHc opMaTopiB 
HoMep 
n i g c -
TaHnii 
S M n i g c 
Ta-
Hnii, 
M B A 
KaTe-
rop ia 
cnoKH-
Bana 
KijBKicTB 
TpaHc o-
pMaTopiB 
Po3paxy 
H-
KoBa 
M B A 
MapKa 
TpaHc opMaTopa 
nieHT 
HaBaHTa-
aeHHa k H 
1 44 II 2 35 T P ^ H - 4 0 0 0 0 / 2 2 0 0,61 
2 60 II 2 55 T P ^ I I H - 6 3 0 0 0 / 2 2 0 0,61 
3 49,3 II 2 40 T P ^ I J H - 4 0 0 0 0 / 2 2 0 0,7 
4 72 I 2 57 T P ^ I I H - 6 3 0 0 0 / 2 2 0 0,635 
5 0,736 I 2 0,57 T M - 6 3 0 / 1 0 0,63 
6 0,623 I 2 0,63 T M - 6 3 0 / 1 0 0,55 
IlapaMeTpH oGpaHHx TpaHc opMaTopiB [3] noKa3aHo y TaGimnax 1.9 Ta 1.10. 
Ta6jiHna 1.9. - IlapaMeTpH BnGpaHnx TpaHc opMaTopiB. 
SHOM M e a d 
Peryj iK 
KaTauoaKHi gaHi 
Po3paxyHKoBi 
gaHi 
, 
M B 
A 
U H O M OGMOTOK, 
K B UK, 
AP 
AP 
IX, X ^ 
A Q X , 
BaHHa 
B H H H 
% 
K B 
T 
K B 
T 
% OM OM K B A 
p 
T P ^ H -
40000 /220 
40 ± 8 * 1 , 5 2 3 0 
11/11 ; 
6,6/6,6 
12 
17 
0 
50 0,9 2,27 
100, 
8 
360 
T P ^ I I H -
63000 /220 
63 ± 8 * 1 , 5 2 3 0 
11/11 ; 
6,6/6,6 
12 
30 
0 
82 0,8 4 
100, 
8 
504 
ApK 
1 4 
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TaGjnina 1.10. - napaMeTpu BuGpaHux TpaHc opMaTopiB. 
T u n 
TpaHc opMaTopa 
SHOM, 
K B A 
KaTauoKHi gaHi Po3paxyHKOBi gaHi 
UHOM, K B U K , A P K , A P X , Ix, R T , X T , AQx, 
B H H H % K B T K B T % OM OM K B A p 
T M - 6 3 0 / 1 0 630 10 0,69 5,5 8,5 1,68 2,5 2,14 8,73 15,8 
Tenep BuKOHaeMO po3paxyHOK nepeTOKiB Ta BTpaT noTyKHocTi Ha ocHOBi 
cxeMu 3aMimeHHa (puc. 3 ) 
Po3paxyHOK aKTuBHoro, peaKTuBHoro onopy jriHifi Ta 3apagHoi noTyKHocTi [2]. 
AKTuBHufi onip m m i , OM: 
g e /- goBKuHa m m i (KM), r 0- nuTOMufi onip (OM/KM). 
PeaKTuBHufi onip mmi , OM: 
g e /- goBKuHa m m i (KM), X 0 - nuTOMufi peaKTuBHufi onip (OM/KM). 
PeaKTuBHa npoBigHicTb m m i , CM: 
BJ = b 0 • / 
g e /- goBKuHa m m i ( KM), b 0 - nuTOMa eMHicHa npoBigHicTb (CM/KM). 
3apagHa noTyKHicTb jiHii: 
Q j = B „ •U 2,(MBAp) 
^ n a jriHifi 10 K B 3apagHa noTyKHicTb Mae He3HanHe 3HaneHHa, TOMy Heio 
HexTyiTb. 
Pe3y.j[bTara po3paxyHKiB iKcyeMO B 1.11. 
TaGnuna 1.11. - napaMeTpu jiHifi. 
^inaHKa ^ O B K U 
Ha, KM 
MapKa 
npoBogy 
r0 
OM/K 
M 
X0 
OM/KM 
b)><10 - 6 
CM/KM 
Q J J / 2 , 
M B A p 
Z^ , OM 
A - 2 24,1 A C -
400 /51 
0 ,075 0 ,420 2,7 3,93 2 ,26+12 ,6 j 
2-3 18,1 A C -
240 /32 
0,121 0 ,435 2,6 2,84 2 ,73+9 ,81 j 
3M. APK NN MoKVMeHmv nidnuc Mama 
ApK 
3-1 15,7 A C -
240 /32 
0,121 0 ,435 2,6 2,46 2 ,37+8 ,51 j 
1-4 48,1 A C -
240 /32 
0,121 0 ,435 2,6 7,57 7 ,27+26,2 j 
4 - A 43 ,9 A C -
300 /39 
0 ,098 0 ,429 2,64 7,02 5 ,37+23,6 j 
3-5 25,6 A C - 5 0 / 8 0,603 0 ,378 - - 1,93+1,21j 
3-6 21 ,9 A C - 5 0 / 8 0,603 0 ,378 - - 1,66+1,04j 
5-6 9,49 A C - 3 5 / 6 , 2 0 ,790 0,386 - - 0 ,937+0 ,458 j 
Po3paxyHoK BTpaT noTyKHoCTi [2] B j iH iax BHKoHyeMo 3 KiHia, TaKoK 
BpaxoByeMO BTpaTH xonoCToro x o g y y TpaHC(opMaTopax, npu iibOMy Ha nigCTaHiiiax 
3 gBOMa TpaHC(opMaTopaMH BTpaTH xonoCToro x o g y 36inbmyoTbCa BgBwi, a onip 
O6MOTOK CKnagae nonoBHHy onopy ogHoro TpaHC(opMaTopa. 
P2 + Q2 
AS = • Z 
U2 
HOM 
ge : P - aKTHBHa noTyKHiCTb Ha g i j a H i i , M B A ; 
Q - peaKTHBHa noTyKKHiCTb Ha ginaHiii, M B A p ; 
Z - onip giuaHKH, OM. 
Po3paxyHoK nagiHHa HanpyrH BHKoHyeMo i3 g K e p e j a KHBjeHHa, npH iboMy 
Hanpyra y CnoKKHBana He noBHHHa Bigpi3HaTHCb 6 > HiKK Ha 5 % Big HOMiHanbHoi, y 
BignoBigHoCTi 3 npaBHjaMH [4]. 
Po3paxyHOK Hanpyru npoBogHMO 3a (opMynoio: 
g e P — aKTHBHa noTyKHiCTb Ha g i j a H i i , M B A ; 
Q - peaKTHBHa noTyKHiCTb Ha g i j a H i i , M B A p ; 
R Ta X - aKTHBHHH Ta peaKTHBHHH onip, OM; 
- Hanpyra y By3j i , KB; 
ApK 
1 6 
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- Hanpyra y nonepegHboMy By3j i , KB. 
ripoiieHTHe BigxaueHHa Hanpyru B Knni,i m m i Big HOMiHanbHoro 3HaneHHa 
po3paxoByeMO 3a ( o p M y n o K , % : 
UH 
d = 1 0 0 % - — - - 1 0 0 % 
Po3paxyeMO 3aMKHyTy KonoBy MepeKKy, 3o6paKceHy Ha p u d . Po3paxyHOK 
noHHHaeMO 3 HaxogKeHHa TOHKH noTOKopo3noginy. 
Pe3yjbTaTH po3paxyHKy noToKopo3nogi jy Ta BTpaT noTyKHoCTi npegCTaBHMo 
B Ta6n.1.12. 
TaGnHua 1.12. - Pe3ynbTaTH po3paxyHKy noTyKHOCTefi. 
^ inaHKa 
Sc iHieBa , 
M B A * 
A S , M B A * 
SnonaTKOBa, 
M B A * 
IpO3p, 
A 
Igon, 
A 
A - 2 136+90 ,3 j 1,25+6,99j 138+95,4 j 439 825 
2-3 75 ,7+37 ,5 j 0 ,402+1 ,44 j 76 ,1+37 ,5 j 223 605 
3-1 25 ,9+7 ,92 j 0 ,0036+0 ,0129 j 2 6 + 6 , 8 2 j 70,5 605 
1-4 25 ,9+5 ,37 j 0 ,106+0 ,379 j 26 ,1+1 ,97 j 68,6 605 
4 - A 98 ,5+40 ,4 j 1.26+5,52j 99 ,7+42 ,4 j 284 710 
3-5 0 ,654+0 ,345 j 0 ,0011+0 ,0006 j 0 ,665+0 ,351 j 43,4 2 1 0 
3-6 0 ,717+0 ,371 j 0 ,0011+0 ,00069 j 0 ,728+0 ,396 j 47 ,8 2 1 0 
5-6 0 ,0085+0 ,0031 j 0 ,00007+0 ,00004 j 0 ,0085+0 ,0031 j 5,24 175 
1-1' 4 4 + 2 1 , 3 1 j 0 ,127+2 ,28 j 44 ,2+24 ,3 j 
2-2 ' 6 0 + 4 8 , 1 j 0 ,218+5 ,63 j 60 ,4+54 ,8 j 
3-3' 49 ,4+26 ,7 j 0 ,167+4 ,73 j 49 ,7+32 ,1 j 
4-4 ' 72+34 ,9 j 0 ,236+6 ,09 j 72 ,4+41 .9 j 
5-5' 0 ,730+0 ,311 j 0 ,0067+0 ,0267 j 0 ,739+0 ,376 j 
6-6' 0 ,623+0 ,302 j 0 ,0051+0 ,0204 j 0 ,631+0 ,359 j 
A 2 3 7 + 1 3 8 j 
ApK 
1 7 
3M. APK Ne MoKVMeHmv nidnuc Mama 
BuKOHaeMO po3paxyHOK BTpaT Hanpyru. BignoBigHO g o [4] , Ha i i i u m x 
nigcTaHnifi H a n p y r o o 6 - 2 0 K B , g o aKux npuegHam po3nogijbHi MepeKi, Hanpyra B 
nepiog MaKcuMajbHux HaBaHTaKeHb noBuHHa GyTu He miKHe 105 % Big HOMiHaubHoi 
Hanpyru MepeKi. 
Hanpyra po3paxoByeTbca, BuKopucTOByonu gaHi opMy : 
P • R + Q • X 
AU 
U 
ge : P- aKTuBHa noTyKHicTb Ha ginaHni, M B A ; 
Q - peaKTuBHa noTyKHicTb Ha ginaHni, M B A p ; 
R - aKTuBHufi onip, OM; 
X - peaKTuBHufi onip, OM. 
U' 
P • X - Q • R 
U 
V ( U - A U ) 2 +SU: 
M o g y j b Hanpyru: 
TaGnuna 1.13. - Pe3yubTaTH po3paxyHKy Hanpyr. 
B y 3 O j UHOM, K B U , K B cTyniHb P n H 
A 2 3 0 230 
1 2 2 0 220 
2 2 2 0 224 
3 2 2 0 221 
4 2 2 0 224 
5 10 9,66 
6 10 9,67 
1' 10 10,01 -5 
2' 10 10,05 -6 
3' 10 9,83 -7 
4' 10 10,02 -6 
5' 0,38 0,386 
6' 0,38 0,386 
3M. APK NN MoKVMeHmv nidnuc Mama 
ApK 
OCHOBHHMH BejiHHHHaMH, aKi HeoGxigHo BUKopucToByBaTu npu BromneHHi 
BTpaT ejieKTpoeHeprii, e nac HaHGijiBinux HaBaHTaKeHB, nac HaHGijiBinux BTpaT Ta 
BTpaTH eneKTpnHHoi eHeprii B jinriax Ta TpaHc opMaTopax. 
^ a c HafiGiiBHHx BTpaT BroHanaeMo 3a opMy IOK: 
T 0 = ( 0 , 1 2 4 + T H 6 • 1 0 4 ) 2 • 8 7 6 0 
,H,e T H G - nac HaiiGijiBinHx HaBaHTaKeHB B rogHHax. 
S 
BTpaTH B iiiHiax: A W j i = ( ^ ) 2 RnT 
BTpaTH B TpaHc opMaTopax: AWm = 3 I 2 K RmT+RXT 
TaGjiuna 1.14. - Pe3yjiBTaTH po3paxyHKy BTpaT ejieKTpoeHeprii . 
^ inaHKa nigcTaHnia THG, ( rog . ) T, ( rog . ) AW, M B T r o g 
A - 2 5309 3757 4754 ,413 
2-3 5380 3839 1573,288 
3-1 5490 3968 146,029 
1-4 5490 3968 419 ,227 
4 - A 5659 4 1 6 9 5257 ,293 
3-5 4 2 3 0 2621 28 ,62 
3-6 4283 2 6 7 2 30 ,39 
5-6 4 2 3 0 2621 0 ,202 
T1 5490 3968 1607 
T 2 5220 3656 3394 
T3 4 8 7 0 3270 1905 
T4 5720 4243 3831 
T 5 4 2 3 0 2621 64 
T6 4 2 9 0 2 6 7 9 56 
CyMapHi BTpaTH 23067 ,174 
3arajiBHa eHepria, aKa nepegaeTBca: 
BigcoToK BTpaT ejieKTpoeHeprii B i g r o c r o 3arajiBHoi eHeprii: 
AW = (AW/W) • 1 0 0 % = 1 , 1 0 9 % 
H a pucyHKy 9. noKa3aHo cxeMy 3aMiineHHa Mepeaci A . 
ApK 
1 9 
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b o 
I 
CD I 
c s 
o 
< 
X o 
X 
CD 
2 
CD 
a X &q 
s 
CD 
CD 
10/15 /2 
I, 
j Q n 1 / 2 
- a -
!3S-»i90,5 
W.5440.4 
Zju — 1 ^ A 
-CD 
72.4+j4l£ 72-JM.8 
12S„t4 
2S.1*J1.S7 
! Q n 4 / 2 
76.1tJ37.5 
7 2 + J S 4 . 9 
IjQji2/2 
10.05 
j Q n 3 / 2 
—bp- b> 
i 2S-.H 
4 4 + j 2 1 , 3 
— — r 
4 S + j 2 5 , 9 
• .Sa5<-JD.351 G*5flt]G,3<! 
— * Zss 
49.. 2 ,7 4*.74-i32.1 j 
7S'j0,311 G,73g*JD,37l 
D.72e*-j0.399 (i 717-trtl 171 , 
0 , 7 3 0 + j 0 , 3 1 1 
f 2Smt5 
-.•jjiv.- i •- •.•..: 
— i — I — I 
2S.,I6 
o 
1.3. Po3paxyHOK ejieKTpHHHOi MepeiKi cxeMH B 
Po3paxyeMO 3a TeopeMoiK I T ^ a r o p a goBKKHHH BignoBigHHx g iua roK 
eneKTpHHHOi MepeKi, mo 3'egHyK>Tb gKcepeuo KHBueHHa 3 BignoBigHHMH 
cnoKHBanaMH i cnoKHBaniB MDK CO6OK> (gaHi 3aHocHMo g o TaGuiini 1.15.): 
TaGuHna 1.15. - ^OBKHHH Ha cxeMi. 
JJnria 
^oBKHHa, 
KM 
Kx^ i iUGHT 
npoBHcaHHii 
1 B-2 24,1 1,25 
2 2-3 18,1 1,25 
3 3-1 15,7 1,25 
4 3-4 42,4 1,25 
5 4-B 43 ,9 1,25 
6 3-5 25,6 1,25 
7 3-6 21 ,9 1,25 
8 5-6 9,49 1,25 
Po3paxyHoK cTpyMiB Ta Hanpyr Ha giuaHKax npoBogHMo no aHanorii 3i 
cxeMoiK A, 3 ypaxyBaHHaM ocoGuHBocTeii KOH irypa^il MepeKi. 
y gaHoMy npoeKTi g u a no6ygoBH eneKTponepegan ( J J E n ) 
BHKopncToByeMo auKMiHieBi Hei3onboBaHi npoBogn. 3HaneHHa eKoroMinHoi rycTHHH 
cTpyMy g u a TaKHx npoBigHHKiB HaBegeHa y TaGu. 1.17. 
Ta6 jmna 1.17. - E K o r o M i n m rycTHHa cTpyMy, A/MM 
n p o B o g n TH6, rog/piK 
1 0 0 0 — 3 0 0 0 3 0 0 1 — 5 0 0 0 > 5000 
AjiKMiHieBi Hei3ouboBaHi npoBogn 1,3 1,1 1,0 
Pe3yjibTara po3paxyHKy 3BegeHi g o TaGjinni 1.18. 
ApK 
2 1 
3M. APK Ne BoKVMeHmv nidnuc Mama 
TaGjiuna 1.18. - Pe3yiBTaTH po3paxymcy cTpyMiB Ta Hanpyr Ha gijiaHKax Ge3 
ypaxyBaHHa BTpaT. 
^inaHKa S, M B A U , K B U H , 
K B 
I, A F e , 
A/MM 
MapKa 
npoBogy 
^onycTH-
MHH cTpyM 
npoBogy ,A 
B-2 136+86,2 j 169,102 2 2 0 418 ,748 380 ,68 A C -
400 /51 
825 
2-3 76 ,2+12 ,8 j 134,82 2 2 0 220 ,022 200 ,02 A C -
240 /32 
605 
3-1 4 4 + 2 1 , 3 j 110,181 2 2 0 128,3 113,636 A C -
120/19 
390 
3-4 17 ,2+12,8 j 80 ,381 2 2 0 56 ,207 51 ,097 A C -
240 /32 
605 
4 -E 89 ,2+47 ,6 j 164,122 110 265 ,375 241 ,25 A C -
300 /39 
710 
3-5 0 ,642+0 ,287 j 15,713 10 36 ,921 33 ,565 A C - 5 0 / 8 2 1 0 
3-6 0 ,847+0 ,391 j 17,865 10 48 ,973 44 ,521 A C - 5 0 / 8 2 1 0 
5-6 0 ,224+0 ,089 j 9 ,294 10 12,665 11,541 A C - 3 5 / 6 , 5 175 
BH3HanaeMo noTyKaricTB KoKHoro i3 TpaHc opMaTopiB. Pe3yjiBTaTH BHGopy 
TpaHc opMaTopiB noKa3aHo B TaGji.1.19. 
TaGjiHna 1.19. - Pe3yjiBTaTH BHGopy TpaHc opMaTopiB. 
HoMep 
nigcTaHnii 
I i g c 
TaHnii 
M B A 
KaTeropia 
cnoKCHBana 
KijiBKicTB 
TpaHc op-
MaTopiB 
Po3paxyH 
KoBa M B A 
MapKa 
TpaHc-
opMaTopa 
nieHT 
HaBaHTa-
K e H H , k H 
1 44 II 2 40 
T P ^ H -
40000 /100 
0,6 
2 60 II 2 63 
T P ^ I I H -
63000 /220 
0,61 
3 49,3 II 2 40 
T P ^ I I H -
40000 /220 
0,7 
4 72 I 2 63 
T P A I H -
63000 /220 
0,63 
3M. APK NN MoKVMeHmv nidnuc Mama 
ApK 
5 0,736 I 2 0,63 T M - 6 3 0 / 1 0 0,63 
6 0,623 II 2 0,63 T M - 6 3 0 / 1 0 0,549 
Po3paxyHoK aKTHBHoro, peaKTHBHoro onopy Ta 3apagHOi noTyKHocT [2]. 
AKTHBHHH onip uiHii, OM: 
RJI — r 0 • 1 
g e /- goBKHHa m m i (KM), r 0- nuToMHH onip (OM/KM). 
PeaKTHBHHH onip uiHii, OM: 
g e /- goBKHHa m m i (KM), x 0 - nuToMHH peaKTHBHufi onip (OM/KM). 
PeaKTHBHa npoBigHicTb uiHii, CM: 
BJ — b 0 • I 
g e /- goBKHHa m m i ( KM), b 0 - nHToMa GMHicHa npoBigHicTb (CM/KM). 
3apagHa noTyKHicTb mmi : 
Q j — B „ •U 2,(MBAp) 
^ n a 10 K B 3apagHa noTyKHicTb Mae He3HanHe 3HaneHHa, ToMy HeiK 
HexTyKTb. Pe3yjbTaTH po3paxyHKiB iKcyeMO B TaGnHni 1.20. 
TaGnHna 1.20. - napaMeTpH . 
^inaHKa ^OBKHHa, 
KM 
MapKa 
npoBogy 
r0 
OM/KM 
x0 
OM/KM 
b0><10 - 6 
CM/KM 
Q J J / 2 , 
M B A p 
Zj[, OM 
B-2 24 A C -
400 /51 
0,075 0,42 j 2,7 3,93 2 ,26+12 ,6 j 
2-3 18 A C -
240 /32 
0,121 0,435 
j 
2,6 2,83 2 ,73+9 ,8 j 
3-1 15,7 A C -
120/19 
0,249 0,427 
j 
2,66 6,16 2 ,44+4 ,18 j 
3-4 42,5 A C -
240 /32 
0,121 0,435 
j 
2,6 7,57 6 ,42+23 ,1 j 
3M. APK NN BoKVMeHmv nidnuc Mama 
ApK 
4-B 43,9 A C -
300 /39 
0,098 0,429 
j 
2,64 7,02 5 ,39+23,6 j 
3-5 25,6 A C - 5 0 / 8 0,603 0,378 
j 
- - 1,93+1,21j 
3-6 21,9 A C - 5 0 / 8 0,603 0,378 
j 
- - 1,66+1,04j 
5-6 9,49 A C -
35/6 ,5 
0,79 0,386 
j 
- - 0 ,94+0,46 j 
Po3paxyHoK BTpaT noTyKHocTi [2] B jiiHiax BHKoHyeMo 3 KiHna, TaKoac 
BpaxoByeMo BTpaTH xojiocToro x o g y y TpaHc opMaTopax, npH nBoMy Ha nigcTaHniax 
3 gBoMa TpaHc opMaTopaMH BTpaTH xojiocToro x o g y 3GiiBmyKTBca BgBwi, a onip 
OGMOTOK c K i a g a e nojioBHHy onopy ogHoro TpaHc opMaTopa: 
P2 + Q2 
AS = • Z 
U2 
HOM 
ge : P - aKTHBHa noTyKHicTB Ha gijiaHni, M B A ; 
Q - peaKTHBHa noTyKHicTB Ha gi iaHni , M B A p ; 
Z - onip gijiaHKH, OM. 
Pe3yiBTaTH po3paxyHKy npegcTaBHMo B TaGi. 1.21. 
TaGjiHna 1.21. - Pe3yjiBTaTH po3paxyHKy noTyKHocTen. 
^inaHK 
a 
SKiHneBa, 
M B A * 
A S , M B A * 
SnonaTKoBa, 
M B A * 
Ipo3p, 
A 
Igon 
A 
B-2 139+97 ,8 j 1,35+7,56j 141+103 j 
458 ,01 
3 
825 
2-3 78 ,4+44 ,7 j 0 ,459+1 ,65 j 78 ,9+44 ,9 j 
238 ,29 
7 
605 
3-1 44 ,2+24 ,3 j 0 ,513+0 ,879 j 44 ,7+24 ,6 j 
267 ,80 
9 
390 
3-4 15,9+13,6j 0 ,058+0 ,209 j 16 ,1+10,5 j 50,213 605 
ApK 
24 
3M. APK NN MoKVMeHmv nidnuc Mama 
4-B 88 ,4+48 ,9 j 1,14+4,98j 89 ,6+50 ,4 j 
269 ,66 
7 
710 
3-5 0 ,654+0 ,345 j 0 ,0011+0 ,0006 j 0 ,665+0 ,351 j 43 ,421 2 1 0 
3-6 0 ,714+0 ,371 j 0 ,0011+0 ,00069 j 0 ,728+0 ,396 j 47 ,865 2 1 0 
5-6 0 ,0085+0 ,0031 j 0 ,0001+0 ,00004 j 0 ,0085+0 ,0031 j 5.241 175 
1-1' 4 4 + 2 1 , 3 1 j 1,27+31,4j 44 ,2+24 ,9 j 
2-2 ' 6 0 + 4 8 , 1 j 0 ,218+5 ,63 j 60 ,4+54 ,8 j 
3-3' 49 ,4+26 ,7 j 0 ,095+3 ,9 j 49 ,5+30 ,6 j 
4-4 ' 72+34 ,9 j 0 ,236+6 ,09 j 72 ,4+41 ,9 j 
5-5' 0 ,73+0 ,311 j 0 ,0067+0 ,0268 j 0 ,739+0 ,376 j 
6-6' 0 ,623+0 ,302 j 0 ,0051+0 ,0204 j 0 ,631+0 ,359 j 
B 2 3 0 + 1 5 4 j 
Po3paxyHoK nagiHHa HanpyrH BHKoHyeMo i3 g K e p e j a KHBjeHHa, npH nboMy 
Hanpyra y cnoKHBana He noBHHHa Bigpi3HaTHcb Ginbin HiK Ha 5 % Big HOMiHanbHOi, y 
BignoBigHocTi 3 npaBHuaMH [4]. Hanpyry po3paxoByeMO 3a opMyuo : 
A U — P R + Q X 
U 
ge : P- aKTHBHa noTyKHicTb Ha ginaHni, M B A ; 
Q - peaKTHBHa noTyKHicTb Ha ginaHni, M B A p ; 
R - aKTHBHHfi onip, OM; 
X - peaKTHBHHfi onip, OM. 
SU — P X - Q R 
U 
™ U1 — J ( U - A U ) 2 +SU 2 
M o g y j b HanpyrH: v 
ApK 
2 5 
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TaGjiHna 1.22. - Pe3yjiBTaTH po3paxymcy Hanpyr. 
B y 3 o i UHOM,KB U , K B CTyniHB P I H 
E 230 230 
1 110 114 
2 220 223 
3 220 221 
4 220 223 
5 10 9,5 
6 10 9,8 
1' 10 10,01 -4 
2 ' 10 10,03 -6 
3' 10 9,93 -6 
4' 10 10,04 -6 
5' 0,38 0,385 
6' 0,38 0,385 
OCHOBHHMH BejiHHHHaMH, aKi HeoGxigHo BpaxoByBaTH npH BromneHHi BTpaT 
ejieKTpHHHoi eHeprii, e Hac HanGijiBinux HaBaHTaaeHB, Hac HanGiiBmux BTpaT Ta 
BTpaTH ejieKTpHHHoi eHeprii B jinriax Ta TpaHc opMaTopax. 
^ a c HanGiiBmux BTpaT BH3HanaeMo 3a opMy IOK: 
T 0 = ( 0 , 1 2 4 + T H 6 • 1 0 4 ) 2 • 8 7 6 0 
g e , T H G - Hac HanGiiBmux HaBaHTaaceHB B roguHax. 
S 
BTpaTH B jinriax: AWn = ( y ^ ) 2 Rnr 
U H 
BTpaTH B TpaHc opMaTopax: AW M = 3I2K RmT+RXT 
ApK 
26 
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TaGnHna 1.23. - Pe3ynbTaTH po3paxyHKy BTpaT eneKTpoeHeprii. 
^ inaHKa / 
nigcTaHnia 
THG, ( rog . ) 
( rog . ) 
AW, M B T r o g 
B-2 5130 3555 4801 ,363 
2-3 5061 3478 1597,402 
3-1 5490 3967 2033 ,421 
3-4 5061 3478 202 ,772 
4-B 5601 4 0 9 9 4657 ,915 
3-5 4 2 3 0 2621 28 ,62 
3-6 4283 2671 30 ,39 
5-6 4 2 3 0 2621 0 ,202 
T1 5490 3968 1498 
T 2 5220 3656 3394 
T3 5061 3478 1079 
T4 5720 4243 3831 
T 5 4 2 3 0 2621 64 ,52 
T6 4 2 9 0 2 6 7 8 56,25 
CyMapHi BTpaTH 2 3 2 7 4 , 8 5 5 
3aranbHa eHepria, aKa nepegaeTbca: 
W — ' ^h6A2 + PAI ' T H 6A1 + ?A4 ' T H6A4 = 2 , 0 1 6 • 1 0 1 2 
BigcoTOK BTpaT eneKTpoeHeprii BigHocHO 3aranbHOi eHeprii: 
AW = (AW/W) • 1 0 0 % = 1 , 1 5 % 
H a pHcyHKy 4 noKa3aHO cxeMy 3aMi^eHHa MepeKi B. 
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ifrc BHCHOBOK 3 nonepegHix po3paxyHKiB Ta TexHiKO - eKOHOMinHHMH 
noKa3HHKaMH gBox BapiaHTiB Mepe^i , gna noganbimoro npoeKTyBaHHa o6npaeMO 
BapiaHT cxeMH A. Y c i noganbimi po3paxyHKH 6ygeMO npoBogHTH TijibKH 3a nieio 
cxeMOio. 
1.4. Po3paxyHOK a e a p i i i H o r o peiKHMy po6oTH MepeiKi 
ripH aBapifiHOMy pe>KHMi PO6OTH nepepBa B eneKTponocTanaHHi cnoKHBaniB I 
KaTeropii' MO>Ke 6yTH npunycTHMa nume Ha nac aBTOMaranroro BigHOBneHHa 
KHBieHHa. n e p e p B a B eneKTponocTanaHHi cnoKHBaniB II KaTeropii npu MO^e 6 y r a 
npunycTHMa Ha nac, HeoGxigHHfi gna BBiMKHeHHa pe3epBHoro >KHBneHHa giaMH 
neproBoro nepcoHany a6o BHi3Hoi onepaTHBHoi 6puragu . .Una eneKTpocnoKHBaniB III 
KaTeropii nepepBa B eneKTponocTanaHHi, H e o 6 x i g m g n a peMOHTy a6o 3aMiHH 
noiHKogKeroro eneMeHTy CHCTeMH eneKTponocTanaHHa, noBHHHa He nepeBHinyBara 
ogHiei go6u . 
y nicna aBapifiHOMy pe>KHMi Hanpyra Ha g ^ e p e n i mreneHHa npufiMaeTbca 
piBHOK) pe^HMy MaKCHManbHux HaBaHTa^eHb. 
y aBapifiHOMy pe>KHMi y BignoBigHOCTi 3 npaBunaMH [4] go3Bonaen>ca 
BigxuneHHa Big HOMiHanbHoi Hanpyru ±10%. 
Pe3ynbTara po3paxyHKy noTymiocTeii nig nac aBapifiHoro pe>KHMy noKa3aHO y 
TaGnuni 1.26. 
TaGnHna 1.26. - Pe3ynbTara po3paxyHKy noTymiocTeii n ig nac aBapifiHoro 
pe^HMy. 
^inaHKa 
SKiHneBa, 
M B A * 
A S , M B A * 
SnonaTKOBa, 
M B A * 
IpO3p, 
A 
Igon, 
A 
A - 2 - - - - 825 
2-3 60 ,4+53 ,4 j 0 ,366+1 ,32 j 69 ,8+53 ,3 j 2 1 2 605 
3-1 110 ,1+84 ,1 j 0 ,942+3 ,39 j 111+86 ,3 j 369 390 
1-4 156+107j 5 ,35+19,2 j 161+122 j 470 605 
4 - A 2 3 3 + 1 6 1 j 8 ,93+39,1 j 2 4 2 + 1 9 6 j 705 710 
3-5 0 ,654+0 ,345 j 0 ,0011+0 ,0006 j 0 ,665+0 ,351 j 43,4 210 
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3-6 0 ,717+0 ,371 j 0 ,0011+0 ,00069 j 0 ,728+0 ,396 j 47 ,8 210 
5-6 0 ,0085+0 ,0031 j 0 ,00007+0 ,00004 j 0 ,0085+0 ,0031 j 5,24 175 
1-1' 4 4 + 2 1 , 3 j 0 ,127+2 ,28 j 4 4 , 2 + 2 4 , 3 j 
2-2 ' 6 0 + 4 8 , 1 j 0 ,218+5 ,63 j 60 ,4+54 ,8 j 
3-3' 49 ,4+26 ,7 j 0 ,167+4 ,73 j 4 9 , 7 + 3 2 , 1 j 
4-4 ' 72+34 ,9 j 0 ,236+6 ,09 j 72 ,4+41 ,9 j 
5-5' 0 ,73+0 ,311 j 0 ,0067+0 ,0267 j 0 ,739+0 ,376 j 
6-6' 0 ,623+0 ,302 j 0 ,0051+0 ,0204 j 0 ,631+0 ,359 j 
A 2 4 2 + 1 9 6 j 
Pe3yjibTaTH po3paxyHKy Hanpyr y By3jiax MepeKi n ig nac aBapinHoro peKUMy 
noKa3aHO y Ta6jiuni 1.27. 
Ta6jinnii 1.27. - Pe3yjibTara po3paxyHKiB Hanpyr y By3jiax n ig nac aBapinHoro 
peKUMy 
By3on 
UHOM, 
K B 
U , K B 
CTyniHb 
p n H 
A 230 230 
1 220 187 
2 220 176 
3 220 179 
4 220 206 
5 10 9,01 
6 10 9,03 
1' 10 9,47 6 
2' 10 9,01 8 
3' 10 9,20 7 
4' 10 9,25 -6 
5' 0,38 0,361 
6' 0,38 0 ,362 
TpaHC(j)opMaTopu 3 P n H , BCTaHoBjieHi Ha nigcTaHniiix 1-4, go3Boji iKTb gjm 
KoKHoro xapaKTepHoro peKUMy Bu6paTu Han6ijibin npuftHirrae peryjiKBajibHe 
BigranyKeHHa. TpaHc(opMaTopu Ha nigcTaHniiix 5 i 6, i c i , I K npaBujio, He MaKTb 
npucTpoi'B P n H , ane BOHU 3HaxoguTbci Ha HeBenucin BigcTaHi, mo 3MeHmye BTpara 
Hanpyru B m m i , i npaKTUHHo He noTpe6ye peryjiKBaHHi. 
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1.5. PeiKHM MiHiMajibHHx HaeaHTa'/KeHb 
Po3paxyHOK BHKOHycMO aHanoriHHO aK i gjia HopManbHoro peKHMy po6oTH, 
BHKopHCTOBy^HH Ti K ocHoBHi opMy , ane noTyKHocT 6epeMo MeHmi. 
Pe3yjibTara po3paxyHKy noTyKHOCTefi n ig nac MiHiManbHoro peKHMy 
noKa3aHo y Ta6jiHiii 1.28. 
TaGjiuiia 1.28 - Pe3yjibTara po3paxyHKiB noTyKHOCTefi n ig nac MiHiManbHoro 
peKHMy 
^inaHKa SKiHiieBa, M B A A S , M B A SnonaTKOBa, M B A 
A - 2 70 ,9+43 ,1 ] 0 ,321+1 ,798 j 71 ,2+42 ,9 j 
2-3 39 ,3+18 ,6 j 0 ,107+0 ,383 j 39 ,4+17 ,5 j 
3-1 13 ,5+4,38j 0 ,0098+0 ,0035 j 13 ,5+4,11j 
1-4 13 ,5+0,906j 0 ,0275+0 ,0989 j 13,5-2,78j 
4 - A 51 ,2+14 ,5 j 0 ,315+1 ,379 j 51 ,5+12 ,4 j 
3-5 0 ,340+0 ,191 j 0 ,0029+0 ,0018 j 0 ,343+0 ,193 j 
3-6 0 ,372+0 ,216 j 0 ,0031+0 ,0019 j 0 ,376+0 ,218 j 
5-6 0 ,0442+0 ,0161 j 0 ,0002+0 ,0001 j 0 ,0442+0 ,0162 j 
1-1' 22 ,9+11 ,1 j 0 ,0342+0 ,615 j 23 ,1+12 ,4 j 
2-2 ' 31 ,2+25 ,1 j 0 ,0059+1 ,52 j 31 ,4+27 ,6 j 
3-3' 25 ,7+13 ,9 j 0 ,0451+1 ,28 j 25 ,8+15 ,9 j 
4-4 ' 37 ,4+18 ,1 j 0 ,0648+1 ,65 j 37 ,7+20 ,8 j 
5-5' 0 ,379+0 ,165 j 0 ,0018+0 ,0072 j 0 ,384+0 ,207 j 
6-6' 0 ,324+0 ,157 j 0 ,0014+0 ,0055 j 0 ,328+0 ,201 j 
A 123+55 ,3 j 
Pe3ynbTaTH po3paxyHKy Hanpyr y By3jiax MepeKi n ig nac MiHiManbHoro 
peKHMy noKa3aHO y Ta6jiHiii 1.29. 
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TaGnHna 1.29 - Pe3ynbTaTH po3paxyHKy Hanpyr y By3nax npH MiHiManbHOMy 
pe>KHMi 
By3on 
UHOM, 
K B 
U , K B 
CTyniHb 
PITH 
A 230 230 
1 220 225 
2 220 227 
3 220 226 
4 220 227 
5 10 9,95 
6 10 9,96 
1' 10 10,20 -5 
2' 10 10,20 -6 
3' 10 10,04 -7 
4' 10 10,24 -6 
5' 0,38 0,395 
6' 0,38 0,394 
CxeMa 3aMiineHHa gna MiHiManbHoro peKHMy POGOTH MepeKci npHBegeHa Ha 
pHcyHKy 6. 
ApK 
3 3 
3M. APK NN BoKVMeHmv nidnuc Mama 
PHcyHOK 6. CxeMa 3aMiineHHa MepeKci npH aBapifiHOMy peKHMi POGOTH cxeMH 
A 
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ApK 
2. P 0 3 P A X Y H 0 K OBJLyjHAHHfl IH^CTAHIJII 
2 .1 . n e p e e i p K a noTyiKHocri CHJIOBHX TpaHc opMaTopiB 
irigcTaHiui « 2 » 6ynn o6paHi gBa TpaHC(J)opMaTopH noTymHicTK) 40 M B A 
Tuny TPf lHH. 
,H,na nepeBipKH TpaHc(opMaTop BignoBigHo g o BHxigHHx gaHux. 
Ta6nima 2 . 1 . - B n x i g m gaHi gna Bn6opy TpaHc(opMaTopa 
P 
1
 HOM .HAB 
M B T 
COSq) 
X L 1 , 
OM 
X L 2 , 
OM 
SK3.C, 
M B A 
t, ° C 
72 0,9 45 12 4800 + 3 0 
Ta6nima 2.2 . - HaBaHTameHHa TpaHc(opMaTopa 
HaBaHTaKeHHa B % Big noTymrocTi 
r o g t f i f 0 2 4 6 8 10 12 14 16 18 20 22 
18 40 60 50 85 100 100 75 100 100 130 135 105 
3HaxogHMo HoMiHanbHy noTymricTb TpaHc(opMaTopa 
s ^ = = = s 0 ( M B A ) 
3HaxoguMo Smp 
Smp _ _ 5 7 , 1 ( MBA) 
OGnpaeMo BignoBigHo g o HoMiHany noTymricTb TpaHc(opMaTopa 
SH(m _ 80 (MBA) 
3HaxoguMo HaBaHTameHHa B KomHifi roguHi 3a (JjopMynoio: 
s % 
S _ SHOM % 
" 100 
Pe3ynbTara 3arocHMo g o TaGnniu 2.3.: 
ApK 
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TaGnuna 2.3. - HaBaHTaKeHHa B KOKHifi rogHHi 
roguHH 0 2 4 6 8 10 12 14 16 18 20 22 
HaB-Ha 
M B A 
32 48 40 68 80 80 60 80 80 104 108 84 
^ n a nepeBipKH TpaHC(j)opMaTopa Ha HaBaHTaKeHHa HeoGxigHO noGygyBara 
goGoBHfi r p a ( i K HaBaHTaKeHHa (puc. 7 ) 
PucyHOK 7. r p a ( i K HaBaHTaKeHHa 
^ n a nepeBipKH npaBunbHOCTi BuGopy TpaHc(opMaTopa peanbHHfi r p a ( i K 
HaBaHTaKeHHa nepeTBopuMO B gBOCTyniHnacTHfi. nonancoBe HaBaHTaKeHHa 
eKBiBaneHTHoro r p a ( i K a BromnaeTbca 3a (opMynoio: 
S HOM 
. ti+S 2 . 1 2 + . . . + s 2 n . t„ 
t1 + t 2 + . . . + t n 
g e S 1 , S 2 , . . . S n - BnacHe HaBaHTaKeHHa nepmoro , gpyro ro , n-ro CTyneHa 
r p a ( i K a HaBaHTaKeHHa, po3MiineHoro HHKne niHii HOMiHanbHoi 
noTyKHOCTi TpaHc(opMaTopa; 
t 1 , t2, .. .tn, TpuBanicTb CTyneHa. 
1 
ApK 
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1 3 2 2 • 2 + 4 8 2 • 2 + 4 0 2 • 2 + 6 8 2 • 2 + 8 0 2 • 8 + 6 0 2 • 2 
18 
0 ,8202 
AHanorinHo BH3HanaeMo gpyrufi cTyniHB eKBiBajieHTHoro rpa iKa, a i e npu 
nBoMy GepyTBca cTyneHi, po3MiineHi BHine jiiHii HoMiHajiBHoi noTyKHocTi 
TpaHc opMaTopa: 
S HOM 
Si2 • *i + S2 • 12 +. . . + S 2 • t„ 
+ t2 + . . . + tn 
g e S 1 , S 2 , .. . S n - HaBaHTaKeHHa, po3MiineHe BHine jiiHii HoMiHajiBHoi Hanpyru. 
K 2 = 
2 80 
1 1 0 4 2 • 2 + 1 0 8 2 • 2 + 8 4 2 • 2 
6 
= 1,24 
MaKcuMaiBHe nepeBaHTaKeHHa TpaHc opMaTopa BH3HanaeTBca 3a opMy^o : 
K = SMAX = 1 0 8 = 1 3 5 
KMAX „ ™ 1 , 3 5 SHOM 8 0 
g e SM MaKcuMaiBHe HaBaHTaKeHHa TpaHc opMaTopa 3a rpa iKOM 'MAX 
HaBaHTaKeHHa. 
nonepegHe 3HaneHHa K '2 HeoGxigHo nopiBHaTH i3 3HaneHHaM KMAX, 
K 2 = 0 . 9 • KMAX = 0 , 9 1 , 3 5 = 1 , 2 1 5 
K 2 ' = 1 , 2 1 5 
i h a n o K 2 < 0.9• KMAX , ocTaToHHo GepeMo K 2 = 0 . 9 • KMAX = 1 , 2 1 5 . 
3 a T O C T O M 14209-85 3 ypaxyBaHHaM eKBiBajieHTHoi TeMnepaTypu ( + 3 0 C ) i 
Hacy nepeBaHTaKeHHa t = 6 roguH gjia HopMajiBHoro peKHMy 
0,8 0,9 
6 1,05 0,96 
KROCT = 1,05 1 , 0 5 " 0 , 9 6 • 2 0 = 0 ,91 
0,8 0,9 
6 1,3 1,3 
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KrocT 1 3 
I IK 6aHHM0, gna gaHoro TpaHc opMaTopa npn HopManbHoMy peKHMy po6oTH 
K2 TpaHc opMaTopa MeHme 3a 3HaneHHa no rOCTy, ane B aBapinHoMy peKHMi 
gaHHH ^ ^ ^ 3agoBonbHae yMoBi (K2 = 1,215 < KROCT = 1,3), ToMy gaHun 
TpaHc opMaTop (TP . im,H-40000 /220) MoKHa eKcnnyaTyBara B gaHux yMoBax. 
2.2. P03paxyHOK CTpyMiB KOpOTKOrO 3aiVIHKaHHfl 
3HaneHHa cTpyMiB KopoTKoro 3aMUKaHHa Heo6xigHi gna npaBunbHoro Bn6opy 
ycTaTKyBaHHa Ha c r o p o m 220 K B i 10 K B . nigcTaHnia KHBneHHa 3a gBoMa 
TynnKoBHMH nnnaMH: cxeMa 3aMiineHHa gna po3paxyHKy cTpyMiB KopoTKoro 
3aMUKaHHa HaBegeHa Ha pnc 8. 
Po3paxyHoK cTpyMiB KopoTKoro 3aMUKaHHa BHKoHaeMo B iMeroBaHHx 
ognHHuax. noTyKHicTb KopoTKoro 3aMHKaHHa Ha niHHax 110 K B neHTpa KHBneHHa 
cmragae S C = 4800MBA 
PncyroK 8. CxeMa 3aMiineHHa gna po3paxyHKy cTpyMiB KopoTKoro 3aMHKaHHa 
Onip cncTeMH gopiBHioe 
C O A OA A V / 
SC 4 8 0 0 
3aranbHHH onip npan,K>K>HHx 
XJII • X* 4 5 • 12 
JI 
X = _ = = 9 , 4 7 OM . 
J XN i + XN 2 45 + 1 2 
Po3paxyeMo onip TpaHc opMaTopa: 
noTyKHicTb TpaHc opMaTopa ST = 80 {MBA); 
ApK 
3 8 
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„ . , v UK%• U2H 10.5• 220 2 -10 6 . Omp TpaHcmopMaTopa XT1 = — — = — = 63,53 ( OM ); 
T1 100 • SH 100 • 25-106 v 1 
X 63 53 
Onip TpaHC(J)opMaTopiB XT = ~2 = — — = 31,76 OM . 
nepiognHHa CKjiagoBa C K 3 y T O w Kj. 
IK1 = U " = 2 2 0 - = 6,49 ( KA) ; 
K 1 -J3•(XC + ) V3 (10,1 + 9,47) v J 
Ta caMa y T O w K2 npHBegeHa g o Hanpyrn BHinoi CTOPOHH: 
= = 2 2 0 = 2 4 7 5 ( KA) 
K 2 V3 \XC + Xn + XT ) -(10,1 + 9,47 + 31,76) ' V 
PeajibHHH C K 3 y Tonni K2: 
IK 2 = IK2 = 2,47 = 54,45 ( KA) . 
YgapHHH CTpyM: 
y T O w K J , Iy = 72-1,608• IK1 = 72-1,608• 6,49 = 14,77 (KA); 
y T O w K 2 , = 7 2 - 1 , 8 2 - I ^ 2 = 72-1,82-54,45 = 140,1 (KA). 
npunycTHMo, ino aMniiTyga E P C i n e p i o g u n m CKiagoBa T K 3 He3MiHHi 3a 
nacoM, ToMy nepe3 nac, JIKHH gopiBHioe nacy BigKuiOHeHHa. 
AnepiogHHHa cKjiagoBa C K 3 g o MoMeHTy po36i>KHocTi KoHTaKTiB BHMHKana: 
i =42 • I • e T a 
g e T a - nocriftHa nacy 3aracaHHa a n e p i o g m r o i cKuagoBoi g u a Kj ;Ta=0,02 c., 
t=0,06 c., gjia K2 - Ta=0,05 c., t=0,1 c. 
_ 0,06 
g u a K i ia = 7 2 - 6 , 4 9 - = 0,457 (KA); 
_ 0,1 
gjia K 2 ia = 72•54,45• e " 0 0 5 = 10,42 (KA) . 
iHTerpai ^ ^ o y u a 
g u a K i B K 1 = I2Kl(t + Ta) = 6,495^(0,06 + 0,02) = 3,37 (KA2C) 
g u a K 2 BK2 = I2K2(t + Ta) = 54,45 2 0,1 + 0,05) = 444,7 (KA2C) 
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Ta6nHu,a 2.4. - 3HaneHHa cTpyMiB KopoTKoro 3aMHKaHHa 
CTpyMH 
KopoTKoro 
3aMHKaHHa 
C K 3 y 
nonaTKoBHH 
MoMeHT nacy, 
KA 
YgapHHH C K 3 
iy, K A 
C K 3 y MoMeHT 
po3MHKaHHa 
KoHTaKTiB 
BHMHKana, K A 
Anep iog . 
cKnagoBa C K 3 , 
'a KA 
iHTerpan 
^ m o y n a BK, 
KA2 c 
UIHHH 220 
K B ( K j 
6,49 14,7 6,495 0,457 3,374 
IHHHH 
10 K B ( K 2) 
54,45 140,1 54,45 10,4 444 ,7 
2.3. Bl l6 ip BHMHKaMJB i CTpyMonpoBigHHX HaCTHH 
MaKcHManbHHH cTpyM Ha 3oBHiiiiHboMy 6oii,i 
1,4 • SHOM 1,4 • 80000 
jBH _ 
max 
: 294 A. 
• UBH • 220 
CTpyM y Koni BcTynHux BHMHKaniB Ha 6oii,i 10 K B 
1,4 • SHOM 1,4 • 80000 
jHH _ 
max 
6466 A. 
– – 10 
CTpyM y Koni ceKiiiiiHoro BHMHKana 
3233 A. jCB _ 
max 
0,7 • S HOM 0,7 • 80000 
CTpyM y Koni niHii, mo BigxoguTb 
1,4 • SHOM 1,4 • 80000 
ja _ 
j 1 0 
647 A. 
•73•U H H-10 >/3-10-10 
Bn6epeMo BHMHKani Ha BHcoKifi Ta HH3bKifi cTopoHi nigcTaHiiii. B n 6 i p 
npoBoguMo 3a napaMeTpaMH HaBegeHHMH B HacTynHux Ta6nHu,ax. 
B n 6 i p BHMHKana Ha 6oii,i BHCOKOI Hanpyru, 220 K B . 
B n 6 i p BHMHKaniB HaBegeHHH y TaGnimi 2 .5 . KaTanomHi napaMeTpu BHMHKana 
y3aTi 3 [5]. 
Ta6nHu,a 2 .5 . - B n 6 i p BHMHKana Ha 6oii,i 2 2 0 K B 
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YMOBa Po3paxyHKOBi KaTanoKHi 
B n 6 o p y 3HaneHHa 3HaneHHii 
UC — UH 2 2 0 K B 2 2 0 K B 
1 pacn — 1HOM 294 A 2000 A 
1 — 1 npCKB 6,49 K A 35 K A 
I yd — 1CKB 14,77 K A 102 K A 
1nx — 1 OmxHoM 6,49 K A 31,5 K A 
1 — 1 
ax a H O M 
0,457 K A 8,05 K A 
BK — 12Ttr 3,37 KA2-C 4800 KA2-C 
OGnpaeMO BHMHKan Tnny B B B - 2 2 0 B - 3 1 , 5 / 2 0 0 0 Y 1 . 
B n 6 i p BHMHKana y KOJii TpaHc opMaTopa Ta ceKiUHHoro BHMHKana Ha CTopoHi 10 K B 
Ta6jiHi],ii 2.6. - B n 6 i p BHMHKaniB y KOJii TpaHc opMaTopa Ha CTopoHi 10 K B 
YMOBa Po3paxyHKOBi KaTanoKHi 
Bn6opy 3HaneHHa 3HaneHHa 
UC — UH 10 K B 10 K B 
1 pacn — 1 HOM 6466 A 12500 A 
1 — 1 npCKB 54,45 K A 140 K A 
I yd — I CKB 140 K A 355 K A 
1nx — 10mxHoM 54,45 K A 140 K A 
I — I 
ax a H O M 
10,4 K A 42 
BK — I2Ttr 444 ,7 KA2-C 58800 KA2-C 
O6npaeMO BHMHKan rany B B O A - 1 5 - 1 4 0 / 1 2 5 0 0 Y 3 . 
Ta6jiHi],ii 2.7. - B n 6 i p ceKiUHHoro BHMHKana Ha 6oi],i 10 K B 
ApK 
4 1 
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YMOBa Po3paxyHKOBi KaTano^Hi 
BnGopy 3HaneHHa 3HaneHHa 
UC — UH 10 K B 10 K B 
I pacH — I HOM 3233 A 12500 A 
I — I npCKB 54,45 K A 140 K A 
iy — I npCKB 140 K A 355 K A 
I n x — I0mxHoM 54,45 K A 140 K A 
I — I 
ax a H O M 
10,4 K A 42 K A 
BK — I2Ttr 444 ,7 KA2-C 58800 KA2-C 
OGnpaeMO BHMHKaH THny B B O A - 1 5 - 1 4 0 / 1 2 5 0 0 Y 3 
B u 6 i p BHMHKana Ha , mo BigxogHTb, 10 K B Ta po3'egHyBana 2 2 0 K B 
TaGjmnii 2.8. - B u 6 i p BHMHKaniB Ha , mo BigxogHTb, 10 K B 
YMoBa Po3paxyHKoBi KaTano^Hi 
Bn6opy 3HaneHHa 3HaneHHa 
UC — UH 10 K B 10 K B 
1 pacH — 1 HOM 647 A 125000 A 
1 — 1 npCKB 54,45 K A 140 K A 
iy — I npCKB 140 K A 355 K A 
1 nx — 1 OmKHoM 54,45 K A 140 K A 
I — I 
ax a H O M 
10,4 K A 42 K A 
BK — IK 444 ,7 KA2-C 58800 KA2-C 
O6npaeMo BHMHKaH THny B B O A - 1 5 - 1 4 0 / 1 2 5 0 0 Y 3 . 
y TaGjmni 2.9. HaBegeHHH Bu6ip po3'egHyBaniB Ha 6oni 220 K B , po3'egHyBani 
HeoGxigm 3 ogHHM i gBoMa KoMnneKTaMH Ho^iB, mo 3a3eMjiK>K>Tb. 
TaGjiunii 2.9. - B u 6 i p po3'egHyBana 2 2 0 K B 
ApK 
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YMOBa Po3paxyHKOBi KaTauomri 
BnGopy 3HaHeHHa 3HaneHHa 
UC — UH 220 K B 2 2 0 K B 
1 pacH — 1HOM 294 A 630 A 
iyd — IfipCKB 14,7 K A 80 K A 
BK — i2Ttr 3,37 KA2-C 9 9 2 , 2 5 K A 2 - C 
Q6npaeMO g o ycTaHOBKH Ha 6oni 220 K B po3'egHyBani rany P H ^ 3 - 1 - 2 2 0 / 6 3 0 
T 1 . 
2.4. B n 6 i p omHHOBKH po3noaijii>HHx n p u c T p o i B 
B P n 220 KB 3aCTOCOByK>TB rHyHKi OHHH, fflti BHKOHyKTBCil 
CTajieajiiOMiHieBHMH npoBogaMH MapKH A C . 
1) BnGnpaKTbca ni mHHH 3a eKOHOMWHOK iniuBHicTK CTpyMy. 
min 
je - eKOHOMWHa iniuBHicTB CTpyMy 
A 
A MM2 
; Je = 1,1 gjiii Hei3OibOBaHHx auKMiHicBHx npoBogiB (npn 
u6 4880 H - nac BHKopncTaHHa HaiiGijiBiiioro HaBaHTa^eHHa) 
min 
294 
= 2 6 7 , 0 MMZ 
K 3 . 
Mo^eMO o6paTH npoBig A C 300 /39 , HaHGuroKHHii g o po3paxoBaHoro. 
2 ) BnGpaHHH nepepi3 nepeBipaeTBca 3a gonycTHMHM CTpyMOM 
'max = A 
hon = 7 1 0 A 
3) BnGpaHHH nepepi3 rayHKHx muH nepeBipaeTBca Ha TepMinHy CTiiiKicTB npn 
qmin — q po3pax 
min C 
3M. APK Ne BoKVMeHmv nidnuc Mama 
ApK 
I inputs 
^ m i n = = 3 = 20,2 MM 
KAC 1/2 
g e C = 91 -10 3 ^ 
MM2 
YMOBa BHKOHyerbCii 2 0 , 2 < 3 0 0 . 
4 ) nepeBipKy Bn6paHHx IIIHH Ha eneKTpogHHaMWHy cTiircicTb npH K 3 gna 
rHyHKHx mHH He npoBognMO, TaK aK noBHHHa BHKOHyBaTHca yMOBa: IK3 > 20KA , a 3a 
HaniHMH pO3paxyHKaMH IK3 = 2 ,34 KA - OT>Ke yMOBa He BHKOHyeTbca. 
5) BnKOHyeMO nepeBipKy 3a yMOBaMH KOpOHyBaHHa. nepep i3 npOBOgiB gna 
Hanpyr 220 K B 3a yMOBaMH KOPOHH noBHHeH 6yTH He MeHme 240 MM , TOMy npOBig 
A C 300 /39 3agoBonbHae yMOBi. 
6 ) B P Y 10 K B 3acTOCOBy^Tb KopcTKi mHHH, aKi nepeBipaoTbca no HarpiBy, 
ino6 TeMnepaTypa npoBigHHKa He nepeBHinyBana npnnycTHMoro 3HaneHHa 
Heo6xigHO, mo6 BHKOHyBanaca HepiBHicTb: 
1pa6.n6 < 1 don 
I o = 6 , 4 6 6 k A 
pao.no ' 
n o Ipa&H6 Bu6upaeMO aniOMiHieBi IIHHH npaMOKyTHoro nepepi3y 120 x 1 0 3 
HOTupMa cMyraMH Ha (|)a3y, gna UHX mHH IdonnoM = 6800 A o6panu i3 Ta6nuni A 2 , 
(gogaTOK). 
Ipa&n6 - max cTpyM B nicna aBapifiHOMy Ta HopManbHOMy pe>KHMax. 
Idon - max gonycTHMHfi cTpyM mHH Bu6paHoro nepepi3y. 
kn - nonpaBOHHHfi Koe(inieHT Ha cTpyM npu po3paxoBaHifi TeMnepaTypi 
cepegoBHina ( yMOBHa TeMnepaTypa cepegoBHina 25 0 C, HopMOBaHa TeMnepaTypa 
70 0 C i TeMnepaTypi cepegoBHina 2 0 0 C) 
Id = Id - k = 6800 -1,05 = 7 1 4 0 A -don don 
6466A < 7100 A 
ApK 
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HepiBHiCTb BHKOHyCTbCa. 
2 ) )KopcTKi mHHH noBHHHi nepeBipaTuca Ha TepMinHy CTiircicTb npn K 3 . 
q m n - min nepepi3 3a TepMinHOK criftKicTK). 
q m i n 
JBK J 4 4 4 7 2 
C 91-10" 3 
3)BH6paHi mHHH, y 3aranbHOMy BHnagKy, Heo6x ig ro nepeBipura TaKO>K Ha 
ejieKTpogHHaMinHy criftKicTb. )KopcTKi mHHH nOBHHHi 6 y r a nepeBipeHi Ha gHHaMimri 
gi i CTpyMiB K 3 i Ha MO>Kj[HBicTb BHHHKHeHHa pe3OHaHCHHx aBHiu,. 3a3HaneHi aBHina 
He BHHHKaKTb npH K 3 , aKmo BjiaCHa nacTOTa KOUHBaHb mHHH MeHme 30 i 6ijibine 
200 rn, naCTOTa BjiaCHHx KOUHBaHb gua MigHHx mHH BromnaeTbca 3a opMy^o 
NaCTOTa BjiaCHHx KOUHBaHb IHHHHOl KOHCTpyKHii 
173,2 W 
fO 
g e I - goBKHHa npoubOTy Mi>K i3OuaTopaMH I=1,5 M; 
y - MOMeHT iHepnii nonepenHoro nepepi3y mHHH m o g o OCi, nepneHgHKyuaproi 
g o HanpaMKy 3rHHaK>noi CHUH, CM 4 ; 
q - nonepenHHH nepepi3 HIHHH, CM2. 
b h 3 1-123 I/I/I y = = = 144 CM 4 
12 12 
b - TOBiHHHa HHHH, CM; 
h - IHHpHHa HHHH, CM. 
173,2 
J 0 12 \ 
4 ) nepeBipKa HHHH Ha MiniricTb 
fc - cuua B3aeMogii Mi>K CMyraMH 
q 1,52 V1-12 
y 173,2 144 „ r r r c o ^ 7 - ' ' - 266,658 fif 
ApK 
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fc = 0,25 - 1 0 7 - k 
1 yd1 
PHcyHOK 9. KpHBi gna BH3HaneHHa Koe(inieHTa k ( gna gBocMyroBHx mHH npH 
a n = 2b 
Koe(inieHT (opMH mHH (pHc. 17) , n o BpaxoBye BnnHB nonepenHHx 
po3MipiB npoBigHHKa Ha c a m B3aeMogii. 
V h 12 J 
fc 0 ,25 -10
 7 -0,3 - 1 4 0 1 4 8 
1 
= 181,7 I — I 
V M J 
MexamHHa Hanpyra Mi>K cMyraMH 
f/ 2 181,7 - 2,038 2 
12 -W 12 -48 
= 1,31(M77a) 
l = 0 ,216 -
5 
a = 0 ,216 
i,, \ V 1 4 0 1 4 8 
ac = 2b = 2-1 = 2 (M) 
bh2 1-122 
10 1 0 1 0 144 
0,3 
2 ,038 (M) 
3 3 
48 (CM3) 
WC - MOMeHT onopy MDK cMyraMH. 
MexamnHa Hanpyra Mi>K (a3aMH 
-10 a* = V 3 - 1 0 8
 LYD2 - 1 2 _ .R 1 8 (140148-10 3) 2 -1,52 
W$ - a 3456 - 2 
0,0111 M77a 
= = = 3456 (CM3) 
6 6 
apo3p = aC + < adon - yMOBa MexaHWHoi' MinHOcri gBocMyroBoi' mHHH. 
3M. APK NN BoKVMeHmv nidnuc Mama 
ApK 
b 
2 
apam - po3paxyHKOBHH MexaHinHHH HanpaMOK y MaTepiaii muH, M n A , 
=82,5 M n A - gonycTUMa MexaHiHHa Hanpyra B MaTepiaii muH g i a 
aiKMiHieBoro cn iaBy. 
°posp = ( 1 , 3 1 + 0 , 0 0 1 1 1 ) - 1 0 6 — 8 2 , 5 - 1 0 6 
YMoBa MexaHiHHoi' MinHOCTi gBOCMyroBoi' muHu BUKOHycTBca. 
2.5 . B n 6 i p ejieKTpoBHMipiOBajibHHx TpaHc opMaTopiB CTpyMy i H a n p y r u 
BBiMKHeHHa eieKTpoBUMipKBaiBHux n p u i a g i B i npucTpoiB peiei iHoro 
3axucTy HeoGxigHa ycTaHOBKa TpaHc opMaTopiB CTpyMy i Hanpyru. y gaHOMy 
npoeKTi pejieiiHHH 3axucT geTaiBHO He po3poGiaeTBca, TOMy nepeBipKy 
TpaHc opMaTopiB 3a BTOPUHHUM HaBaHTa^eHHaM BuKOHyeMO 3 ypaxyBaHHaM 
BBiMKHeHHa TijiBKu BuMipKBaiBHux npu iag iB . 
y i aHnK3i cuiOBoro TpaHc opMaTopa 3 GoKy HU>KHOI Hanpyru 
BCTaHOBiKeTBca aMnepMeTp, BOiBTMeTp, BapMeTp, i inuiBHuKu aKTuBHOi i 
peaKTuBHoi' eHeprii, Ha muHax 110 K B - BOiBTMeTp i3 nepeMuKaneM g i a BuMipy 
TpBox Mi>^a3Hux Hanpyr, Ha ceKniiiHOMy BuMuKani 10 K B - aMnepMeTp, Ha i iHiax, 
mo BigxogaTB, 10 K B - aMnepMeTp, IWUIBHUKU aKTuBHOi i peaKTuBHoi eHeprifi. 
Po3paxyHOK BTopuHHoro HaBaHTa^eHHa TpaHc opMaTopa CTpyMy HaBegeHufi y 
TaGiuni 2 .10. 
ApK 
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TaGuHna 2.10. - BTopHHHe HaBaHTa^eHHa TpaHc opMaTopiB CTpyMy 
n p u n a g THn Kjjac 
HaBaHTa>KeHHa 
no a3ax 
A y 3 
AMnepMeTp 3 - 3 3 5 1 0,5 0,5 0,5 
BaTMeTp £ 3 5 0 1,5 0,5 - 0,5 
BapMeTp A 3 4 5 1,5 0,5 - 0,5 
^inunbHUK aKTHBHoi eHeprii C A 3 1 2,5 - 2,5 
^inHHbHHK peaKTHBHOi 
eHeprii 
CP-4 1,5 2,5 - 2,5 
CyMapHe HaBaHTa^eHHa 
CTpyMy B Kom CHuoBoro Tp-pa 
3 GoKy HH 
6,5 0,5 6,5 
CyMapHe HaBaHTa^eHHa 
CTpyMy B Koni ceKn. BuMHKan 
Ha H H 
0,5 0,5 0,5 
CyMapHe HaBaHTa^eHHa 
CTpyMy B Kom CHuoBoro Tp-pa 
Ha Goni B H 
0,5 0,5 0,5 
CyMapHe HaBaHTa^eHHa 
CTpyMy B Koni BigxigHoi m m i 
0,5 0,5 0,5 
ApK 
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BuGip TpaHc opMaTopiB CTpyMy HaBegeHHH y TaGnHnax 2.11.-2 .13. 
TaGnHna 2 . 1 1 . - BuGip TpaHc opMaTopa CTpyMy B Koni CHuoBoro 
TpaHc opMaTopa Ha Goni BHinoi Hanpyru 
yMOBa Po3paxyHKoBi KaTano^Hi 
BuGopy 3HaneHHa 3HaneHHa 
UC < UH 2 2 0 K B 220 K B 
1pacH < 1 HOM 294 A 300 A 
iy < InpCKB 14,77 K A 25 K A 
BK < , 3,37 KA 2 -C 288 K A 2 C 
7 < 7 
7 H < 7H.HOM 
0,82 OM 1,2 OM 
OGupaeMO TpaHc opMaTop CTpyMy T 0 3 M 2 2 0 E - I I I , KopucTyKnucb 
goBigHHKOM [6] . 
£ n a nepeBipKH 3a BTOPHHHHM HaBaHTa^eHHaM BH3HanaeMO onip npunagiB 
7 =. 
npiiii 
$npun = 0 , 5 = 0,02 0M . 
I2 5 2 
Togi onip cnonynHux npoBogiB MO>Ke GyTH He Gijbme HDK po3paxoBaHHH 3a 
opMyuo : 
7 = 7 — 7 — 7 
np HOM TipWl K > 
ge: 7hom - HOMiHanbHufi onip HaBaHTaaceHHa, OM; 
7^ - onip npujmgiB, OM; 
7K - onip KOHTaKTiB, OM. 
7np = 1,2 — 0,02 — 0,1 = 1,08 OM . 
nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexaHinHoi MinHOCTi noBHHHHH 
GyTH He MeHime HDK 2,5MM2 gua MigHHx ^un. 
nepeTHH npu goB>KHHi KaGeja I = 100 M 
7 np = p F 
3M. APK NN MoKVMeHmv nidnuc Mama 
ApK 
ge : p - nuTOMufi onip Migi, 0,0175, 
F - nepeTuH >KUI, MM2 , 
OM • MM 
M 
Z = 
np 
0,0175 -100 
2 5 
0,7 OM . 
3araiBHuii onip CTpyMOBoro K o i a 
ZH = Znpm + ZK + Znp = 0,02 + 0,1 + 0,7 = 0,82 OM , 
MeHme HDK 1,2 OM, npunycTuMux npu po6oTi TpaHc opMaTopa B Kiac i 
TOHHOCTi 0,5. 
T a 6 i u n a 2 .12 . - B u 6 i p TpaHc opMaTopa CTpyMy y Koi i cuiOBoro 
TpaHc opMaTopa Ha 6oni HU>KHOI Hanpyru 
yMOBa Po3paxyHKOBi K a T a i o m r i 
Bu6opy 3HaneHHa 3HaneHHa 
UC — UH 10 K B 15 K B 
1 pacH — 1 HOM 6466 A 8000 A 
i — L 
y OUH 
140 K A -
BK — iltr 10,42 KA 2 -C 67800 KA
2 -C 
Z — Z 
Z H — Z H .HOM 
0,403 OM 1,2 
^ i a nepeBipKu 3a BTOPUHHUM HaBaHTa^eHHaM BromnaeMO onip n p u i a g i B 
Z. = _ ^ = ° 5 = 0,02 OM . 
12 5 2 
T o g i onip cnoiyHHux npoBogiB MO>Ke 6yTu He 6i iBine HDK po3paxoBaHufi 3a 
opMyIOK>: 
7 = 7 - 7 - 7 
np HOM npWl K > 
ZHOM - HOMiHaiBHufi onip HaBaHTa^eHHa, OM; 
Z n p ^ - onip n p u i a g i B , OM; 
ZK - onip KOHTaKTiB, OM. 
ZNP = 0,8 - 0,02 - 0,1 = 0,68 OM . 
ge : 
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ApK 
nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexamnHOi MinHOcri noBHHHHfi 
6yTH He MeHime HDK 4MM2 gna aniOMiHieBHx . 
nepeTHH npH goBKHHi Ka6ena l = 40 M 
7 l 
OM - MM 
M 
ge : p - nHTOMHfi onip amoMnriio, 0,0283, 
F - nepeTHH 5KHI, MM2 , 
0,0283 - 40 ^ 
= 4 = 0,283 OM . 
3aranbHHfi onip CTpyMOBoro Kona 
ZH = ZnpUJl + ZK + = 0,02 + 0,1 + 0,283 = 0,403 OM , 
n o MeHime HDK 0,8 OM, npHnycTHMHx npH po6oTi TpaHc(opMaropa B Knaci 
TOHHOCTi 0,5. 
BH6HpaeMO TpaHc(opMarop T I H B - 1 5 . Uefi TpaHc(opMarop CTpyMy BignoBigae 
yMOBaM BH6opy. 
Ta6nuna 2.13. - BH6ip TpaHc(opMaropa CTpyMy Ha m m i , n o BigxogHTb 
YMOBa Po3paxyHKOBi KaTanoKHi 
BH6opy 3HaneHHa 3HaneHHa 
UC < UH 10 K B 10 K B 
Ipacn < IHOM 646 A 800 A 
i < L 
y dun 
140 K A 128 K A 
BK < Iltr 10,4 KA 2 -C 4 8 0 0 KA
2 -C 
Z < Z 0,403 0,8 
,H,na nepeBipKH 3a BTOPHHHHM HaBaHTa^eHHaM BromnaeMO onip npHnagiB 
Z = 
npun r 2 
S n p u n = 0 , 5 = 0,02 OM . 
5 2 
ApK 
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T o g i onip cnojiyHHHx npoBogiB M O K 6 y r a He Gijibme HDK po3paxoBaHHH 3a 
(J)opMyjiOK>: 
7 = 7 - 7 - 7 
np HOM TipWl K > 
ge : ZHOM - HoMiHanbHHH onip HaBaHTaKceHHii, OM; 
Z
v i a - onip npujiagiB, OM; 
ZK - onip KoHTaKTiB, OM. 
ZNP = 0,8 - 0,02 - 0,1 = 0,68 OM . 
nepeTHH cnojiyHHHx npoBogiB 3a yMoBaMH MexaHinHoi MinrocTi noBHHHHH 
6 y r a He MeHme HDK 4MM2 gjiii ajiKMiHieBHx KCHJI. 
nepeTHH KCHJI npu goBKHHi KaGejiii l = 40 M 
Znp = , 
^ • • ™^ OM • MM 
ge : p- nuroMHH onip a iKMiHiK, 0,0283, , 
M 
F - nepeTHH KCHJI, MM2 , 
0,0283 • 40 A O O O 
Znp = 4 = 0,283 OM . 
3arajibHHH onip CTpyMoBoro Kojia 
ZH = ZnpUJl + ZK + Znp = 0,02 + 0,1 + 0,283 = 0,403 OM , 
mo MeHme HDK 0,8 OM, npunycTHMHx npu po6oTi TpaHc(opMaTopa B Kjiaci 
TOHHOCT 0,5. 
BuGupaeMo TpaHc(opMaTop TJI10-I I . UeH TpaHc(opMaTop cTpyMy BignoBigae 
yMoBaM BuGopy. 
OGupaeMo TpaHc(opMaTopu Hanpyru 3a 3agaHHMH 3HaneHHiiMH Hanpyru Ta 3a 
noTyKHicTK. 
H a Goni BucoKoi Hanpyru (220 K B ) oGupaeMo TpaHc(opMaTopu H K O - 2 2 0 -
5 8 Y 1 , Ha Goni 10 K B - H O M - 1 0 - 6 6 Y 2 , BHKopucToByKHH gaHi i3 TaGjiHHb HaBegeHHx 
y goBigHHKax [5],[6] . 
ApK 
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T a 6 i u n a 2.14. - TpaHc opMaTopu Hanpyru 
T u n 
HoMiHaiBHa Hanpyra O6MOTOK 
HoMiHaiBHa 
noTymncTB, B - A , B 
Kiac i TOHHOCTi 
MaKcuMaiBH 
a 
noTymncTB, 
B - A 
nepBuHHOi 
, K B 
OCHOBHOi 
BTOpuHHOi 
, B 
^ogaTKOBOi 
, B 
0,2 0,5 1 3 
H K O 
-220-
5 8 y 1 
150/V3 100/V3 100 - 400 600 1200 2000 
T a 6 i u n a 2 .15 . - TpaHc opMaTopu Hanpyru 
HoMiHaiBHa Hanpyra O6MOTOK 
HoMiHaiBHa noTymricTB, 
B - A , B Kiac i TOHHOCTi MaKcuMaiBHa 
T u n n e p B u OCHOBHOi AogaT noTymHicTB, 
HHOi, BTOpuHHOi, KOBOi, 0,2 0,5 1 3 B - A 
K B B B 
H O M 
-10- 10 100 - - 75 150 300 630 
66 
2.6. B n 6 i p TpaHc opMaTopiB BjiacHHx noTpe6 
CnomuBanaMu BiacHux noTpe6 e onepaTuBHi i a H n K r u , cucTeMu oxoiogmeHHa 
CUIOBUX TpaHc opMaTopiB, ocBiTieHHa, eieKTpoonaieHHa Ta iH. Po3paxyHOK 
noTymHOCTi npuHManiB BiacHux noTpe6 HaBegeHufi y Ta6 i . 2 .16. 
ApK 
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TaGnuna 2.16. - Po3paxyHOK noTyKHocTi npufiMana BnacHHx noTpe6 
B u g u cnoKHBaniB 
BcTaHOBneHa 
noTyKHicTb 
cos 
HaBaHTaMceH 
Ha 
ogHHHni, 
KBT*K-CTb 
B c b o r o , 
KBT 
PBCT, 
KBT 
QBCT, 
KBap 
Oxonog. T P ^ U H - 4 0 0 0 0 / 2 2 0 29 ,6*2 59,2 0,9 0,48 59,2 28,7 
n ig i rp iB BHMHKaniB Ha Hanpy3i 
2 2 0 K B 
3*3,6 10,8 1 0 10,8 0 
n ig i rp iB npuBogiB po3'egHyBaniB, 
BiginoBaniB, KopoTKO3aMHKaniB 
10*0,6 6 1 0 6 0 
OnaneHHa, ocBiTneHHa, 
BeHTHnania 3aKpHToro P n 
1 5 1 0 5 0 
OcBiTneHHa P n 1 2 1 0 2 0 
B c b r o 83 28,7 
H a nigcTaHnii nepegGanaeTbca ycTaHOBKa gBox TpaHc(opMaropiB BnacHHx 
noTpeG. HoMiHanbHa noTymricTb BuGupaeTbca 3 yMOBH 
g e S T C H - noTyKHicTb TpaHc(opMaropa BnacHHx noTpeG, K B A . 
S C H - noTyKHicTb cnoKHBaniB BnacHHx noTpeG, K B A . 
OcKinbKH Spo3 = kcJ P2 + Q2 = 0 , 8 ^ 8 3 3 + 2 8 , 7 2 = 7 0 , 2 5 K B A , 
TOMy GepeMO noTymiicTb TpaHc(opMaropa BnacHHx noTpeG TaKOO, n o 
gop iBHoe 70 ,25 K B A . 
npufiMaeMO gBa TpaHc(opMaropa T M - 6 3 / 1 0 K B A . n p u BigicniOHeHHi ogHoro 
TpaHc(opMaTopa gpyrufi Gyge HaBaHTaaceHHii Ha 70,69/63 = 1,11 TOGTO Ha 1 1 % , n o 
gonycTHMo. 
ApK 
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PucyHOK 10. CxeMa nigcTaHnii 
ApK 
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3. PEJIEHHHH 3AXHCT IH^CTAHIJII 
3 . 1 . BBigHi g a m nigcTaHaii . O n o p H Ta CTpyMH K 3 TpaHc opMaTopa 
noTpiGHo po3paxyBaTH TpaHc(opMaTop T P ^ H - 4 0 0 0 0 / 2 2 0 , IIKHH 3HaxogHTbca 
Ha nigcTaHnii « 1 » . TpaHc(opMaTop KHBHTbca Big cucTeMH 3 napaMeTpaMu: 
PHcyHoK 11. Po3paxyHoK gH(epeHniHHoro 3axHcTy TpaHc(opMaTopa 
Bu3HanaeMo HaHMeHmuH Ta HaHGiibmuH onopu TpaHc(opMaTopa 
V =-
xTMCIKC 
= 1 0 7 , 5 3 OM 
X-TMCIKC = 174,18 OM 
Bu3HanHMo cTpyMH Tpu(()a3Horo K.3. B peKHMax MaKcHMaibHHx Ta 
MiHiMaibHHx cTpyMiB nig nac K.3. B T O W K 1 : 
K A = 1,08 K A 
Bu3HanaeMo cTpyM cnpanKBaHHii 3axucTy 3 yMoBH BigjiarogKceHHii Big KHgKa 
cTpyMy HaMarainyBaHHii. ^ji i i pejie £ 3 T - 1 1 Koe(inieHT BigjiarogKceHHii npuHMaeMo 
k e i d = 1 , 5 , Koe(inieHT BurigHocTi gjiii TpaHc(opMaTopa k ( S U S = 1 . 
ApK 
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3.2. Po3paxyHOK HOMiHa.ibHiix CTpyMiB TpaHc opMaTopa 
Po3paxoByeMO HOMiHanbHi CTpyMH TpaHc(opMaTopa Ta BuGupaeMO 
TpaHc(opMaTopu CTpyMy. Pe3ynbTaTH 3aHOCHMO B TaGn. 3 .1 . 
TaGnuna 3 .1 . - Po3paxyHOK HOMiHanbHHx CTpyMiB TpaHc(opMaropa 
Ha3Ba Po3paxyHKOBHfi BHpa3 ^HcnoBi 3HaneHHa 
I -BH-230 K B III-HH-11 K B 
nepBHHHHi 
HOMiHanbHHfi CTpyM 
S 
I S noM 
100,408 2099 ,455 
( A ) 
CxeMa 3'egHaHHa A X 
TpaHc(opMaTopiB 
cTpyMy 
Koe( in ieHT cxeMH k CX 1,73 1 
Koe( in ieHT KTA 200 /5 2500 /5 
TpaHc(opManii 
TpaHc(opMaTopiB 
cTpyMy 
BTopHHHHi 
HoMiHanbHHi cTpyM 
J = ^noM ' kCX 4 ,342 4 ,198 
TpaHc(opMaTopiB 
cTpyMy ( A ) 
OcKinbKH BTopHHHHfi HOMiHanbHHfi CTpyM TpaHc(opMaropiB CTpyMy, 
BCTaHOBneHHx Ha CTopoHi 220 K B e GinbmHM, TO 3a ocHOBHy npufiMaeMO CTopoHy 2 2 0 
KB. 
CTpyM cnpanoBaHHa C - 3 npHBogHMO g o OCHOBHOI CTOPOHHH 
Ic.3. = Ic,.BH = 150,61 A 
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3.3. Po3paxyHoK Kij ibKocri BHTKJB O6MOTOK pej ie ^ 3 T - 1 1 
3gificHKeMO po3paxyHOK KiiBKOCTi BuTKiB O6MOTOK p e i e ,H,3T-11, pe3yiBTaTu 
3aHOcuMO B T a 6 i . 3.2. 
T a 6 i u n a 3.2. - OGnucieHHa KiiBKOCTi BuTKiB O6MOTOK p e i e ^ 3 T - 1 1 
Ha3Ba Po3paxyHKOBufi Bupa3 ^ u c i O B e 3HaneHHa 
CTpyM cnpanKBaHHa Ha 
OCHOBHifi CTOpOHi ( A ) 
I = L C . 3 • kCX 
C. p . OCH 
6,51 
KiiBKiCTB BuTKiB 
OCHOBHOi CTOpOHu: 
po3paxyHKOBa; 
npuiHaTa 
F 
W = c . p 
OCH. pO3p j 
C.p. OCH 
W 
OCH 
15,35 
16 
KiiBKiCTB BuTKiB 
HeOCHOBHOiCTOPOHU: 
po3paxyHKOBa 
npuiHaTa 
T T T T T T
 1 HOM.OCH 
W = W 
" HeOCH pO3p OCH j 
1 HOM. HeOCH 
W 
HeOCH 
16,54 
17 
BigHOCHufi CTpyM 
He6aiaHcy, 
o6yMOBieHun 
3aoKpyrieHHaM 
KiiBKOCTi BuTKiB 
HeocHOBHOi O6MOTKU 
0,026 
0 , 0 2 6 0 , 0 5 
CTpyM He6aiaHcy 
O • i(3) = 
*HO. pO3p K.3. M aKC 
0,268 
KiiBKiCTB BuTKiB 
O6MOTKU raiBMyBaHHa: 
po3paxyHKOBa 
npuiHaTa 
i • W 
7 HO.pO3p pOO 
W = k • \ ̂  
pO3p 610 /?) 
1 K.3. M aKC & 
9,112 
10 
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npogoBKeHHi TaGji. 3.2. 
Koe( in ieHT nyraHBocTi 
3a B igcy raoc r i 
15 ^ I ( 3 ) • ^ W 
. ' K .3. MiH HeOCH 
kH = 
K I • F C . p . 
4 ,252 
raibMyBaHHa 
OcKiibKH TpaHc(opMaTop Mae ogHocTopoHHe KCHBjieHHii, Koe(inieHT 
HyTjiHBocTi 3axucTy 3 BpaxyBaHHaM rajibMyBaHHii He po3paxoByKTb. 
CxeMa nig'egHaHHa pejie £ 3 T - 1 1 i3 po3paxoBaHoK KijibKicTK BHTKiB OGMOTOK 
pejie HaBegeHa Ha puc. 
PucyHoK 12. CxeMa npuegHaHHa pejie £ 3 T - 1 1 gjiii gu(epeHniHHoro 3axucTy 
gBooGMoTKoBoro TpaHc(opMaTopa 
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4. OXOPOHA IIPAIJI. HOPMH EJIEKTPHHHOrO n O J M n P H 
P O B O T I n i ^ H A n p y r o i o 
4.1 noHHTTH e j i e i o p u H H o r o nojiH 
3 a p a g u B3aeMogiKTb He TijibKH npu 3iTKHeHHi HaejieKTprooBaHHx Tiji, ajie H 
Togi, KOJIH ni Tijia nepeGyBaKTb Ha BigcTaHi ogHH Big ogHoro. B u g MaTepii, 3a 
gonoMoroK aKoi 3giHcHKeTbca B3aeMogia eieKTpuHHHx 3apagiB Ha BigcTaHi, 
Ha3HBaeTbca eneKmpuHHUM noneM [ 9 ] . 
EieKTpuHHe nojie 3aBKgu icHye HaBKojio eieKTpuHHoro 3apagy i Mae gBi 
xapaKTepucTHKH: cHjioBy (HanpyKeHicTb eieKTpuHHoro noua B gaHiH Tonni) Ta 
eHepreTHHHy (noTeHniaji eieKTpunHoro noua B gaHiH T O W ) . 
HanpyKeHicTb E eieKTpunHoro noua B aKiH-HeGygb T O W BHMipKeTbca 
CHUOK F, 3 I K O K nojie g ie Ha oguHunHuH no3HTHBHHH TOHKOBHH 3apag q, BMiineHHH 
y H K TonKy noun : 
E = F /q 
HanpyKeHicTb eueKTpHnroro noun - BeKTopHa BeuunHHa. HanpaMoK 
BeKTopy HanpyKeHocTi 3GiraeTbca 3 HanpaMKoM BeKTopy CHJIH F, mo g ie B gaHiH 
T O W Ha no3HTHBHHH 3apag. 
4.2 B u g u gi i e j i e i o p u H H o r o nojiH Ha j i r o g H H y 
EieKTpoMarHiTHe none icHye HaBKojio npoBogiB jiiHiH eieKTponepegan i 
cTpyMoBegynux nacTHH po3nogijibHHx npucTpoiB. BOHO 3anoBHKe Becb npocTip Big 
npoBogiB g o noBepxHi 3eMjii. ^ i a Horo Ha piBHi noBepxHi 3eMjii BH3HanaeTbca 
HoMiHajbHoK HanpyroK ejeKTpoycTaHoBKH, cHjoK cTpyMy, aKHH npoxogHTb no 
npoBogy, i BigcTaHHK Big cTpyMoBegynux nacTHH g o 3eMjii. 
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B nponeci BHKoHaHHa poGoT B eneKTpoycTaHoBKax BHcoKoi HanpyrH 3 
Ge3nocepegHiM goTHKOM g o CTpyMOBegynux nacTHH, nogHHa niggaeTbca HacTynHHM 
BHgaM gii eneKTpuHHoro CTpyMy [ 1 0 ] . 
1. H a nogHHy OKa3ye yBary Ge3nocepegHbo g i a eneKTpuHHoro nona 
H a n p y r o o E , a TaKOK CTpyM 3cyBy, aKHfi npoTiKae nepe3 nogHHy. i l K n o nogHHa 
3HaxogHTbca Ha 3eMni nig a3HHM npoBogoM, TO CTpyM npoTiKaonufi nepe3 Hboro 
g e / H - CTpyM, oGyMOBneHHfi eMHic™ C A ; - CTpyM, oGyMOBneHHfi eMHic™ C H ; U§ -
a3Ha Hanpyra eneKTpoycTaHOBKH; C A - eMHicTb MDK n o g H H o o i 3eMneo; f - nacTOTa 
3MiHHoro cTpyMy. 
n p u nbOMy BnnHB cycigHix a3 He 3GinbmyeTbca, TaK aK eMHicHHfi 3B'a3OK 
nogHHH npu poGoTax n ig H a n p y r o o Ha aKificb a3i 3 cycigHiMH a3aMH 3HanHO 
MeHmHfi, i HHM MOKHa 3HexTyBaTH. 
n p u HanpyKeHOCTi eneKTpuHHoro nona E « 5 KB/M CTpyM / H < 0 , 1 MA. .Una 
nopiBHaHHa MOKHa CKa3aTH, n o nogHHa 3gaTHa BignyBara 3MiHHHfi CTpyM nacTOTOio 
50 r n c u n o o 0,05 MA. HenpueMHi BignyTTa BHKnHKae CTpyM 5 - 1 5 MA, npu CTpyMi 
0,1 A MOKnHBi cygoporu Ta iGpHnania cepna. ^Irano nogHHa 3HaxogHTbca Ha 
noBepxHi 3eMni, TO CTpyM, aKHfi npoxogHTb nepe3 Hboro, BromnaeTbca B ocHOBHOMy 
eMHicTo fioro BigHOCHO a3H eneKTpoycTaHOBKH C A , TaK aK eMHicTb CH 3HanHo(B 
coTHi pa3) Ginbme C A . OTKe, Bupa3 gna CTpyMy, aKHfi npoTiKae nepe3 Tino nogHHH, 
npHiMe BHrnag 
« / H « j 2 CA; « 0 . 
B pafioHi onopu 1 H a n p y r o o 750 K B Hanpyra eneKTpuHHoro nona MeHime 
5 KB/M, caMe nbOMy nogHHa, aKa CTOiTb Gina onopu, 3a3BHnafi He BignyBae CTpyMy, 
aKHfi npoTiKae nepe3 Tino. ^Irano Tenep yaBHTH, n o nogHHa 3a g o n o M o r o o aKorocb 
i 3 o n o o n o r o n p u c T p o o Gygy HaGnHKcaraca g o npoBogiB n J I , aKi 3HaxogaTbca nig 
Hanpyroo , TO nepe3 Hei 3a Mipoo 3MeHmeHHa BigcTaHi g o npoBogiB Gyge npoTiKaTH 
Bce Ginbmufi CTpyM. 
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36ijibineHHii CTpyMy, HKHH npoTiKae Hepe3 jiKgHHy, noacHKeTbca POCTOM 
CTpyMy eMHocTi uionHHH B i g r o c r o 3eMii, a TaKoK CTpyMy npoBig roc r i i3ojiKKHoro 
npucTpoK. 
2. n p u BigcyTHocTi ejieKTpuHHoro 3B'a3Ky jiKguHH 3 3eMjieK>, TO6TO KOJIH 
BoHa 3HaxogHTbca Ha i3ojiKKHift ocHoBi, MDK TUIOM jiKguHH, aKe 3HaxogHTbca B 
eueKTpHHHoMy nojii, i 3eMjieK icHye pi3HHnii noTeHniauiB: 
- 3 
n i g j i H i e K HanpyroK 750 KB npu C A « 1 , C H « 1 0 0 , = 4 3 3 K B 
Hanpyra 3 . 
IlKino jiKgHHa goTopKHeTbca g o 3a3eMjieHHx KoHcTpyKnift, TO 3apag, HKHH 6yB 
Ha fioro Tijii, 3Tene Ha «3eMjiK» y BHrjiagi icKpoBoro po3pagy. CTpyM po3pagy 
3aneKHTb Big Hanpyra U H _ 3 i onopy injiaxy po3pagy: / H _ 3 = Onip B jiaHUKry 
^ p a 3 p 
po3pagy # p a 3 p BroHanaeTbca nepexigHHM onopoM mKipHoro noKpoBa B Micni 
KoHTaKTy 3 3a3eMieHoK KoHcTpyKuieK, a TaKoK onopoM Tijia jiKguHH i 3a3eMjieHHii. 
Onip B jiaHinory po3pagy B peajibHux yMoBax MoKe 3MiHKBaraca B mupoKHx MeKax 
Big 500 g o 6 • 1 0 4 OM. CaMe uboMy aMnjinyga po3pagHoro iMnyjibcy cTpyMy / M a k c _ H _ 3 
MoKe gocarara gecaTKiB aMnep. Po3pagHi iMnyjibcu MoKyTb BHKUHKara HenpueMHi 
6oiboBi BignyTTa, ocoGmreo npu po3pagi Ha He3axHineHy noBepxHicTb Tijia, TaK I K 
npu uboMy Becb cTpyM npoxogHTb Hepe3 HeBejiHKHft(TOHKOBHH) fioro ynacroK. TaKi 
HenpneMHi po3pagu BignyBaKTbcn npu nepeMimeHHi nig npoBogaMH n J I HH y B n P , 
KOJIH noTpi6ro cTHKaraca 3 TpaBoK HH 3 3a3eMjiKKHHMH npegMeTaMH, a TaKoK npu 
goTHKy go 3a3eMjiKKHHx KoHcTpyKuifi, HanpuKjiag B onopi nJJ . 
3. n p u HaaBHocTi BeiHKux rpagieHTiB noua no noBepxHi 3eMjii MoKjiHBe 
BHHHKHeHHa pi3HHni noTeHniauiB MiK cTyneHaMH jnoguHH. TaK, npu 3aMHKaHHax Ha 
3eMiK MoKjiHBi 3HaHeHHa KPOKOBOI Hanpyru U k i HanpyroK goTHKy U A 0 T , a K 
MoKyTb Bpa3HTH jnogHHy. BuMipKBaHHa KPOKOBHX Hanpyr nig jiiHieK 
eneKTponepegan 750 K B , BHHHKaKHHx Big BnjiHBy eieKTpuHHoro noun, noKa3ajio, mo 
ix 3HaneHHa He nepeBHinye B HopMajibHoMy peKHMi 0 ,1B . 3BicHo, mo TaKi Hanpyru 
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He npegcTaBniOTB He6e3neKu gjia i K g u H u i B noga iBmoMy ix BniuBOM MOKKHa 
3HexTyBaTu. ^ i a 3axucTy Big KpoKOBOi Hanpyru i Hanpyru goTuKy, aKi MOKyTB 
BuHuKHyTu npu noniKogKceHHi i3Oianii fi nepeKpuTTax Ha onopy, Heo6xigHO npu 
Bunpo6oByBaHHax npucTpoiB g i a p o 6 h n ig HanpyroK>(po6oHOK> HanpyroK) 
Buga i aTu HieHiB 6 p u r a g u Big onopu i MeTaiOKOHCTpyKniii B P n Ha 8 - 1 0 M. HU3OBUM 
po6onuM peKOMeHgyeTBca 3acTOcyBaHHa gieieKTpuHHoro B3yrra. 
4.3 PO6OTH y B P Y Ta Ha I I J I y 3oHi Biui imy ejieKTpHHHoro n o j i a 
y B P y 110 K B i Buine Ta Ha 1 1 330 K B i Buine y pa3i BuKOHaHHa po6iT y 3OHi 
BniuBy eieKTpuHHoro n o i a HanpyKceHicTK) noHag 5 KB/M Heo6xigHO oGMeKcyBara 
TpuBaiicTB nepe6yBaHHa i K g e f i 3rigHO 3 BuMoraMu r O C T 12.1.002 a6o 
3acTOCOByBara 3aco6u 3axucTy Big BniuBy eieKTpuHHoro n o i a ( g a i i B u,BOMy po3g i i i 
- 3aco6u 3 a x u c T y ) [ l l ] . 
y pa3i HanpyKeHOCTi eieKTpuHHoro n o i a g o 5 KB/M TpuBaiicTB nepe6yBaHHa B 
HBOMy He o6MeKyeTBca. 
TpuBai icTB po6oTu B eieKTpuHHOMy n o i i HanpyKceHicTK) Big 20 g o 25 KB/M He 
noBuHHa nepeBumyBara 10 XB. y pa3i HanpyKeHOCTi noHag 25 KB/M c i i g 
3acTOCOByBara 3aco6u 3axucTy, n o go3BOiaKTB n p a u K B a r a noBHicTK po6oHun 
geHB. 
^onycTuMa TpuBaiicTB nepe6yBaHHa B eieKTpuHHOMy n o i i T, roguH, 
HanpyKeHicTK B iHTepBaii noHag 5 g o 20 KB/M BKIKHHO o6HuciK)CTBca 3a 
opMyIo 
T = — - 2 , r o g 
E 
g e E - HanpyKeHicTB giiKHoro eieKTpuHHoro n o i a B 3OHi, n o 
KOHTpOIIKCTBCa, KB/M. 
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TaGjiHna 4 . 1 . - rpaHHHHo gonycTHMa HanpyKeHicTb eieKTpuHHoro nojia 
npoMucnoBoi HacToTH i npunycTHMHfi Hac onpoMiHeHHa(rOCT 12.1 .002-84) 
HanpyKeHicTb eieKTpuHHoro K o i a 
npoMHcioBoi HacToTH, KB/M 
npunycTHMHfi Hac nepeGyBaHHa jiKguHH 
B ejieKTpHHHoMy nojii npoMHcjioBoi 
HacToTH npoTaroM ogHiei goGu, XB. 
MeHme 5 Be3 oGMeKeHHa 
B i g 5 g o 10 H e Gijibine 180 
n o H a g 10 g o 15 H e Gijibine 90 
n o H a g 15 g o 20 H e Gijibine 30 
n o H a g 20 g o 25 H e Gijibine 10 
BuMoru nboro nyHKTy gi f icH 3a yMoBH BHKjiKHeHHa MoKjiHBocTi gii Ha 
npaniBHHKiB eieKTpuHHux po3pagiB. 
^onycTHMy TpuBaiicTb nepeGyBaHHa B 3oHi BnjiHBy eieKTpuHHoro nojia Ge3 
3acoGiB 3axucTy MoKe GyTH peajii3oBaHo ogHopa3oBo aGo 3 nepepBaMH npoTaroM 
poGoHoro gHa. npoTaroM iHmoro Hacy cjiig 3acTocoByBaTH 3acoGu 3axucTy aGo 
nepeGyBaTH B eieKTpuHHoMy nojii HanpyKeHicTK g o 5 KB/M . 
TpuBai icTb nepeGyBaHHa jiKguHH B 3oHi, mo KoHTpojiKeTbca, BcTaHoBjiKeTbca 
3 ypaxyBaHHaM HafiGijibinoro 3HaHeHHa BHMipaHoi HanpyKeHocTi. B ycix BunagKax 
HanpyKeHicTb HecnoTBopeHoro eieKTpuHHoro nojia cjiig BHMipKBara no Bcifi 3oHi, 
g e MoKe 3HaxoguTucb npaniBHHK nig Hac BHKoHaHHa poGoTH. TOHKH BHMipKBaHHa 
BuGupaKTbca 3rigHo 3 BHMoraMH r O C T 12.1.002 3ajieKHo Big po3TamyBaHHa 
poGoHoro Micna Ta Big ocHameHHa fioro 3acoGaMH 3axucTy 3rigHo 3 TaGjiuneK 8.1. 
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TaGnuna 4.2. - TOHKH BHMipoBaHb HanpyKcerocri eneKTpuHHoro nona 
Po3TamyBaHHa poGonoro 3acoGu 3axucTy TOHKH BHMipoBaHb 
Micna 
Be3 nigHiMaHHa Ha Be3 3acoGiB H a BHCOTi 1,8 M Big noBepxHi 
oGnagHaHHa Ta KoHcTpyKnio 3axHcTy 3eMni 
T e caMe 3acoGH H a BHCOTi 0,5; 1,0 Ta 1,8 M Big 
KOneKTHBHOrO noBepxHi 3eMni 
3axHcTy 
3 nigHiMaHHaM Ha He3aneKHO Big H a BHcoTi 0,5; 1,0 Ta 1,8 M Big 
oGnagHaHHa Ta KoHcTpyKnio HaaBHOCTi nnonagKH poGonoro Micna Ta Ha 
3acoGiB 3axucTy BigcTaHi 0,5 M Big 
3a3eMneHHx CTpyMOBigHHx nacTHH 
oGnagHaHHa 
OCHOBHHMH 3acoGaMH KoneKTHBHoro 3axucTy Big gi i eneKTpuHHoro nona 
npoMHcnoBoi nacTOTH e CTanioHapHi Ta nepeHOCHi pi3HOBHgu eKpaHyonux 
npHcTpoiB. 
B 3a3eMneHHx KaGiHax i Ky3OBax MamHH, MexaHi3MiB, nepecyBHHx MaficTepeHb 
Ta naGopaTopi i , y GygiBnax i3 3ani3oGeToHy, y nernaHHx GygiBnax i3 3ani3oGeToHHHM 
nepeKpHTTaM, MeTaneBHM KapKacoM aGo 3a3eMneHoo MeTaneBoo noKpiBneo 
eneKTpuHHe none B igcy rae i 3acTOcyBaHHa 3acoGiB 3axucTy He BHMaraeTbca. 
nepeHOCHi Ta nepecyBHi eKpaHyoni npucTpoi cnig 3a3eMnoBaTH Ha Micni 
ixHboi ycTaHOBKH 3a g o n o M o r o o npuegHaHHa g o 3a3eMnoBanbHoro n p u c T p o o aGo 
MeTaneBHx KOHCTpyKnifi, aKi 3'egHaHi i3 3a3eMnoBanbHHM npucTpoeM, rHynKHM 
MigHHM npoBigHHKOM nepepi3OM He MeHme HDK 4 M M 2 
3HiMHi eKpaHyoni npucTpoi noBHHHi MaTH ranbBaHinHe 3'egHaHHa 3 MamHHaMH 
Ta MexaHi3MaMH, Ha aKHx BOHH BCTaHOBneHi. .Una 3a3eMneHHa MamHH Ta MexaHi3MiB 
gogaTKOBoro 3a3eMneHHa 3HiMHHx eKpaHyonux npucTpoiB He BHMaraeTbca. 
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3a3eMieHHa iHguBigyaiBHux eKpaHyiKHux KOMnieKTiB 3gificHKGTBca 3a 
gonoMoroK cneiiiaiBHoro B3yTTa 3i CTpyMonpoBigHOK nigoiiiBOK). y pa3i BuKOHaHHa 
po6iT B noiOKeHHi HaBCToaHKu Ha i3OiKBaiBHifi ocHOBi (gepeB'aHufi HacTui, 
i3OiaTop, no ap6oBaHUH MeTai) a6o po6iT, noB'a3aHux 3 goTuKOM go 3a3eMieHux 
KOHCTpyKiiiii He3axum,eHOK) pyKOK (npu 3HaTux pyKaBuHKax a6o pyKaBuiiax), 
eKpaHyKHufi ogar c i ig gogaTKOBO 3a3eMiuTu miaxoM npuegHaHHaM fioro 
cneiiiaiBHuM rHyHKuM npoBigHuKOM nepepi3OM 4 MM 2 go 3a3eMieHOi KOHCTpyKiiii 
a6o go 3a3eMiK)BaiBHoro npucTpoK. 
3a6opoHaeTBca 3acTOcyBaHHa iHguBigyaiBHux eKpaHyiKHux KOMnieKTiB nig 
Hac po6oTu, a K n o He BuKiKHeHa MOKiuBicTB goTuKy g o CTpyMOBigHux HacTuH, n o 
nepe6yBaK>TB nig HanpyroK g o 1000 B , a TaKOKK nig Hac Bunpo6yBaHHa o6iagHaHHa 
( g i a npaiiBHuKiB, aKi 6e3nocepegHBO npoBogaTB Bunpo6yBaHHa nigBuneHOK) 
HanpyroK) Ta eieKTpo3BapK>BaiBHux po6iT. 3axucT npaiiiBHuKiB y iiBOMy pa3i 
noBuHeH 3gificHKBaTucB i3 3acTOcyBaHHaM eKpaHyiKHux npucTpoiB. 
y pa3i BuKOHaHHa po6iT Ha giiaHKax BuMKHeHux CTpyMOBigHux HacTuH, n o 
nepe6yBaK>TB B 3OHi BniuBy eieKTpuHHoro noia , g i a 3HiMaHHa HaBegeHoro 
noTeHiiaiy ix c i ig 3a3eMHKBara. 
3a6opoHaeTBca goTopKaTucB go BuMKHeHux, a i e He 
3a3eMieHux CTpyMOBigHux HacTuH 6e3 3aco6iB 3axucTy. 
PeMOHTHi npucTOcyBaHHa i ocHacTKa, n o MOKyTB onuHuTucB i3OiBOBaHuMu 
Big 3eMii, TaKOK c i ig 3a3eMHKBara. 
MamuHu Ta MexaHi3Mu Ha nHeBMOKOiicHOMy xogy, n o nepe6yBaK>TB B 3OHi 
BniuBy eieKTpuHHoro noia , c i i g 3a3eMiK>Bara. n i g Hac ix nepecyBaHHa B iiiii 3OHi 
g i a 3HiMaHHa HaBegeHoro noTeHiiiaiy c i i g 3acTOCOByBara MeTaieBufi iaHiiKr, n o 
npuegHaHun go maci a6o go Ky3OBa i TopKaeTBca 3eMii. 
3a6opoHaeTBca 3anpaBiaTu MamuHu i MexaHi3Mu naiBHuMu Ta MacTuiBHuMu 
MaTepiaiaMu B 3OHi BniuBy eieKTpuHHoro noia. 
n i g Hac nigHiMaHHa Ha o6iagHaHHa Ta KOHCTpyKiiii, po3TamoBaHi B 3OHi 
BniuBy eieKTpuHHoro noia , c i i g 3acTOCOByBara 3aco6u 3axucTy He3aieKHO Big 
3HaHeHHa HanpyKeHOCTi eieKTpuHHoro no ia Ta TpuBaiocTi po6oTu B HBOMy. y pa3i 
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nigHiMaHHa 3a g o n o M o r o o TenecKonwHOi BHIKH aGo rigponigfioMHHKa i'xHi Kop3HHH 
(KonucKu) cnig oGnagHyBaTH eKpaHOM aGo 3acTOCOByBaTH eKpaHyoni KOMnneKTH. 
n i g nac nepeGyBaHHa npaniBHHKa B 3OHi eKpaHyBaHHa, BcepegHHi KOHCTpyKnifi 
B P y , a TaKOK nigHiMaHHa no gpaGuHi g o ra3OBoro pene cunoBoro TpaHc opMaTopa 
3axogu 3axucTy Big BnnHBy eneKTpuHHoro nona MOKHa He 3acTOCOByBaTH. 
y B P y n ig nac oGxogiB Ta npaMyBaHHa g o poGonux Micnb npaniBHHKH 
noBHHHi nepecyBaTHCb 3a po3poGneHHMH gna niei' MeTH MapmpyTaMH. 
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B H C H O B K H 
y gaHifi GaKaiaBpcbKifi poGoTi Gyjio 3gificHeHo aHajii3 peKHMiB poGoTH 
ejieKTpHHHoi MepeKi, Ha Ga3i BKe icHyKHux cnoKHBaHiB. Byjio npoBegeHo 
po3paxyHoK ycTaTKyBaHHa. TaKoK Gyjio po3paxoBaHo pejiefiHHfi 3axucT nigcTaHnii. 
T a Gyjio po3rjiaHyTo oxopoHy npani , a caMe nuTaHHa eieKTpuHHoro nojia npu poGoTi 
nig HanpyroK. 
Byjio po3poGjieHo gBi cxeMH ejieKTponocTaHaHHa gjia cnoKHBaHiB ( A Ta B ) . 
,H,jia gaHux cxeM Gyjio po3paxoBaHo goBKHHH jiiHifi ejieKTponepegaH, cTpyMH Ta 
Hanpyru Ha gijiaHKax Ge3 ypaxyBaHHa BTpaT Ta BuGip npoBogiB, mo 3'egHyKTb 
TpaHcc|)opMaTopHi nigcTaHnii. ByB 3gificHeHHfi BuGip TpaHcc|)opMaTopiB gjia 
cnoKHBaHiB. TaKoK Gyjia npoBegeHa nepeBipKa HagifiHocTi MepeKi y BunagKy 
aBapifiHoi cuTyanii Ta B peKHMi MiHiMajibHux HaBaHTaKeHb. 
3 a gonoMoroK po3paxyHKiB Gyjio oGpaHo cxeMy A , TaK aK na cxeMa Mae 
gonycTHMi BigxuieHHa y gBox peKHMax poGoTH, m o BignoBigae npaBHjiaM, Ta 
HopMaTHBHHM goKyMeHTaM npoeKTyBaHHa. £ i a gaHoi cxeMH Gyjiu po3paxoBaHi 
BTpaTH noTyKHocTefi, nepeToKH noTyKHocTefi, BTpaTH Hanpyru Ta eneKTpoeHeprii. 
TaKoK Gyjio po3paxoBaHo aBapifiHufi peKHM, Ta peKHM MiHiMajibHux HaBaHTaKeHHa. 
T a K o K Gyjiu npoBegeHi po3paxyHKH ejieKTpHHHoi HacTHHH nigcTaHnii. Ana 
gaHoi nigcTaHnii Gyjiu oGpaHi gBa TpaHc opMaTopH noTyKHicTK 40 M B A Tuny 
TP,Z],HH. ByjiH po3paxoBaHi cTpyMH K 3 Ta Ha ocHoBi HHX Gyjiu oGpaHi BucoKoBojibTHi 
anapaTH po3nogijibHoro npucTpoK. ,H,jia B H GyB oGpaHHfi BHMHKaH Tuny B B B - 220B 
- 3 1 , 5 / 2 0 0 0 y 1 , BHMHKaH y Ko i i TpaHc opMaTopa 3 H H - Tuny B B O A - 1 5 -
1 4 0 / 1 2 5 0 0 y 3 , ceKnifiHHfi BHMHKaH H H - Tuny B B O A - 1 5 - 1 4 0 / 1 2 5 0 0 y 3 , BHMHKaH Ha 
jiiHii H H - Tuny B B O A - 1 5 - 1 4 0 / 1 2 5 0 0 y 3 . TaKoK Gyjiu oGpaHi po3'egHyBaHi B H -
PHZT3-1-220/630 T 1 . Byjio oGpaHo TpaHc opMaTop cTpyMy T I H B - 1 5 Ta 
TpaHc opMaTopH Hanpyru H K - 2 2 0 - 5 8 y l Ta H O M - 1 0 - 6 6 y 2 . TpaHc opMaTopH 
BiacHux noTpeG - T M - 6 3 / 1 0 . 
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B gaHifi GaKanaBpcbKifi poGoTi TaKOK Gyno npoBegeHO po3paxyHOK penefiHoro 
3axucTy TpaHc opMaTopa. Byno oGpaHO penefiHHfi 3axucT Ha Ga3i ,H,3T-11 Ta oGpaHO 
oGnagHaHHa gna Hboro. 
TaKOK Gyno geTanbHO po3rnaHyTO nHTaHHa oxopoHH npani, a caMe HopMH 
eneKTpunHoro nona npu poGoTi nig Hanpyroo . Byno onpanbOBaHO nHTaHHa 
HanpyKeHOCTi eneKTpunHoro nona Ta BnnHBy fioro Ha nogHHy. 
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